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OCD DISTRIBUTION NOTICE

o

O
- This interim report describes environmental tests performed in a specific
3 shelter. The discussion of the results is preliminary and should not be used

—
>,

as the basis for general conclusions. A subsequent final report will include
a comparative evaluation of data from subsequent tests having a variety of
configurations and locations.
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FOREWCRD

The natural ventilation tests reported herein were conducted by General
American Research Division of General American Transportation Corporation,
Niles, Illinois, during the period of 12 July to 28 July 1965, under Stanford
Research Institute {SRI) Contract No. B-64220(494oA-16)-US. Mr. C. A. Grubb
of SRI monitored this Civil Defense project. The major objectives of this
shelter ventilation test program are: "(a) to evaluate parameters that determine
the resultant shel*er environment, (b) to develop a rationale for estimating
minimum shelter equipment requirements, and (c) to obtain and correlate
experimental data in support of current or modified computational methods or for
direct use as empirical information". These tests were confined exclusively

to the evaluation of natural ventilation effects.

The authors wish to acknowledge the assistance provided by Mr. Walter
Cterling, Housing Administrator and Mr. James Merutka, Superintendent of Fire
Prevention and Safety for the University of Illinoas, Medical Center Campus
and also Mr. Philip Voegtle, Superintendent of Fire Prevention and Safety for
the University of Illinois, Chicago Circle Campus. Through their efforts we

were able to obtain the test site on the University's Medical Center Campus.
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ABSTRACT

A 12-day natural ventilation test was conducted in a 275-occupant above-
ground corridor-type shelter using wind forces only to supply ventilation air.
This test is one in a series run to develop procedures to predict natural
ventilation rates in aboveground shelters. An overall window ventilation
efficiency (effectiveness factor) of 0.15 was determined experimentall; with
windows open on two walls. This effectiveness factor is independent of wind

direction.

Based upon the experimentally determined effectiveness factor and a total
openable window area of 119 square feet, the shelter will be adequately
ventilated by natural ventilation 98.2 per cent of the days during the year.
That is, in the Chicago area, the effective temperature of this shelter when
occupied by 275 people at 10 square feet per person will not exceed 83°F for

more than seven days during an average year.
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SECTION 1

INTRODUCTION

-

Ventilation tests of an aboveground corrador-type fallout shelter located

i)

in Chicago, Illinois, were performed during the month of July 1966 to determine

(G~

air temperatures, humidities, and ventilation rates obtained using natural

ventilation through existing windows and corridors. Shelter occupancy was

2

-2

simulated by the use of electromechanical devices (Simocs) which duplicate the

sensible and latent metabolic output of shelter occupants.

3 )

Throughtout all tests, hourly data were recorded on wind speed ana direction,

)
53 ou?

ambient and shelter temperatures and humidities, and psychrometric conditions.

The window ventilation efficiency was then determined.
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SECTION 2

DESCRIPTION OF TEST SITE

The shelter tested was a portion of the fifth floor of the Student
Residence Hall located in Chicago at the corner of Polk and Wolcott Streets
on the Medical Center Campus of the University of Illinois (see Fig. 1). The
test area consisted of the north and south wings of a T-shaped corridor and

included 21 single and double bedrooms with individual closet space (see Figs.

2 and 3). A temporary plastic and plywood partition separated the test area

from the rest of the fifth floor.

2.1 OQccupancy level

The total useable floor area of the north and south wings i1s 5200 square
feet; however, only the corridor (800 feet square) and approximately half of
each dormitory room (the half away from the windows) provides a protection
factor of 40 or more (see Section 2.4) and therefore was considered to be
occupied by shelterees during the test. Hence, the maximum occupied floor
area was approximately 2750 square feet., At an occupancy loading of 10 square

feet per person, the maximum number of occupants is 275.

2.2 Ventilation Openings

The only ventilation openings present in the shelter are 41 identical
50 inch by 39 inch double-hung windows (wooden sash type). Each of the 20
double bedrcoms has two windows (see Fig. 4) while the single bedroom has

only one window. Twenty-four windows are located in the east wall and 17 in

s

WY Loty

Ll

the west wall of the shelter. Throughout the test, the upper sash of each

window was closed. The bottom sash has a total openable area of 5.8 square feet.
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Figure I TYPICAL SHELTER WINDOWS

GENERAL AMERICAN RESEARCH DIVISION

5

L T e A L R A R R A S I I R



ANy

o

.

.,
!

AN

Y
ikl P TN TR A A A My X vy N PG P Lo A AU A D ENOAI S TN T9 10 19 W e Tt i
A T R T R T A S AR

Although stairwells are present at both ends of the corridor, they could
not be used as ventilation openings since the other floors in the building

were occupied by students during the entire test.

2.3 Shelter Surroundings

Fig. 5 shows the locations ani heights of buildings surrcunding the
shelter. An eighteen-story building (see Fig. 6a) lies directly opposite the
shelter and approximately 110 feet away on the north side of Polk Street.
Another large building, nine stories high, is located directly east of the
shelter 190 feet away (see Fig. 6b). The nearest large buildings or obstructions
south of the shelter are at least a olock away (see Figs. 6c and 6d). West
of the shelter is the east wing of the Student Residence Hall which divides
the west wall of the shelter (see Fig. 7) and a six-story dormitory which
lies 160 feet from the west wall of the shelter. All other structures within
half a block of the shelter are of height and location such that they would

have little effect on the wind conditions at the shelter windows.

2.4 Radiation Protection

An analysis of the she tar's radiation protection factor was made by
Mr. W. B. Cobb, Registered ..iult Shelter Analyst (see Appendix A). Half of
each dormitory room (the half away from the window) has a protection factor
of 42 and therefore qualifies as shelter space. The corridor, providing
better protection, has a protection factor of 110. This made 2750 square feet

of floor area available for occupancy.
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SECTION 3

INSTRUMENTATION

3.1 Temperature Measurement

Shelter and ambient dry-bulb and wet-bulb temperatures were measured with
nine aspirating psychrometers (Sargent Model S-42610), five of which were
equipped with resistance type thermometers {Minco #1119) and the remaining
four equipped with mercury-bulb glass thermometers. Three of each type were
located within the shelter four feet above the floor (see Fig. 8), and the
remaining three psychrometers were positioned outside windows of rooms 504 and
510 to measure ambient weather conditions (see Fig. 2). All resistance bulb
readings were recorded continuously on a Honeywell strip-chart multi-point

recorder.

3.2 Shelter Energy and Moisture Inputs

Aggregate Simocs* (Ref. 1) were used to simulate the sensible and latent
metabolic output of shelter occupants. Four Simocs were located along the

corridor (Figs. 2 and 9) and adjusted to simulate uniform shelter loading of

A
s
JILNE
",
Ac ks

either 100 occupants or 185+ occupants.

A )
o )
(Y

.
K

The total occupant energy input to the shelter was measured each hour

L~

with a kilowatt-hour meter (Sangamo Model #P30DS, Class 200). This power
input was adjusted, as required by line voltage variation, to maintain L0OO

Btu per occupant-hour.

*Simulated Occupants

+Maximum number of occupants that could be simulated due to limited electrical
power.
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During the entire test the shelter lighting and ainstrumentation loads

were constant at 4780 Btu per hour.

The rate at which water {latent energy input) was discharged by the Simocs

was measured hourly orn a balance-beam platform scale. This rate was compared

(9] to the computed rate for 100 or 185 occupants, and the Simocs were adjusted as
E? necessary to maintain the desired rate.

3.3 Wind Speed and Direction

¢ Wind instruments {see Fig. 10) were placed on the penthouse roof which is
3 gg about 95 feet above ground level. The instrument stand extended another 20
1 feet into the air which enabled readings of wind speed and direction to be

"

. : gs measured at an elevation of 115 feet above ground level.

rh

A Taylor Windscope (Model 3105) and a Climet Wind Speed Transmitter

[~ 28

(Model Oll-l) wers placed atop the instrument stand. The Taylor Windscope gives

7

instantansous readings of wind speed and direction on a meter. The Climet Wind

HHq

Speed Transmitter records an integrated time average wind speed on a digital

N e gt e e
4

,

counter.
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SECTION 4

PRCCEDURES

Tha eight tests that were conducted evaluated the effects of natural

ventilation. 7These tests are summarized in Table 1.
L.1 Data Recording

The shelter and ambient air dry-bulb and wet-bulb temperatures and water
input to the Simocs were logged hourly. The total Simoc power was also recorded
each hour from the kilowatt meter. Every hour the average wind speed and
direction were recorded during a one minute observation; in addition, an hourly
integrated value of the wind speed was recorded with the Climet Wind Speed

Transmitter.

e s o o
5
et AR ALy

From the U.S. Weather Bureau at Midway Airport, 7.6 miles southwest of

“.-

the shelter, hourly conditions of the wind speed and direction were obtained

5l
(L

%

and compared to the cbservations at the shelter sate.

Ogzes
il

Psychrometric air properties were determined from the shelter average

dry and wet-bulb temperatures using the ASHRAE Psychrometric Chart No, 1

{Ref. 2). Effective temperatures and humidity ratios were determined from

tables developed by GARD {see Appendix B).

3

A4 a0

L4.,2 Determination of Ventilation Rate

{f}

252

The natural ventilation rate was calculated by the steady-state tracer

'.
oo
227

gas technique using water vapor as the tracer gas (Ref. 3). The increase in

Fed
“3 shelter humidity ratio over ambient humidity ratio is related to the average
q
128
£
31 r
[
-.‘
kL
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4

shelter ventilation rate in accordance with the following equation:
(v )u )
6o(ws-wo)

N 2,

F
-

A
o A
2

v,
"o of o
L9 2alol¥

5C

ventilation rate, cfm

e
2

specific volume of ambient air, ft3/lb d.a.

g7

mass of water vepor supplied to shelter by Simocs, lbw/hr

humidity ratio of shelter air, lbw/lb d.a.

.""

A
S

humidity ratio of ambient air, lbw/lb d.a.

.

Equation 1 assumes:

g
4y

55

construction materials impervious to water vapor,

7710
DL

SE

—

x;

no water vapor diffusion through open windows,
no moisture storage or release from the volume of the shelter
air, and

4. no condensation of liquid water within the shelter.

The error introduced by the first and second assumptions is small when
using the steady-state technique. The third assumption could introducs a
considerable error when considered on an hourly basis; however, over a period
of several hours or more, this error becomes insignificant. The fourth

assumption was valid for the entire testing period.
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SECTION 5

TEST RESULTS AND DISCUSSION

Natural ventilation moves air through buildings without the help of
mechanical equipment. The forces of wind pressure and density (thermal)
differences provide the necessary motive forces to move air through ventilation

openings and into and through buildings.

Thermal forces are produced when sensible heat and water vapor are added
to a volume of air causing it to become less dense, rise and displace denser air.
In tall buildings where stairwells, elevator shafts and other ventilation
openings provide paths for vertical movement of air, ventilation rates due
to thermal forces can be significant. In this test, however, all stairwells
and elevator shafts were closed to prevent any air movement due to thermal

forces (see Section 2.2).

Since thermally motivated forces were excluded during the testing period,
it was expected that the air forced through the shelter was due to wind
effects alone. The quantity of air forced through a window or ventilation
opening may be predicted by the equation (Ref. b4):

Q, = EAV (2)
where:

Qw = air flow, cubic feet per minute

A = free area of inlets or outlets (assumed equal), square feet
V = wind velocity, feet per minute
E = effectiveness of openings (suggested values range from 0.25 to

0.60 depending upon the direction of the wind on the shelter)

GENERAL AMERICAN RESEARCH OIvISIOnN
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Corrections are presented in the ASHRAE Guide and Data Book for the effect

of unequal inlet and outlet areas. This correction (F), expressed as a multiplier
of (EAV) and which 1s always > 1.0, represents the increase in air flow above

that which results for equal inlet and outlet areas (F = 1.0).

The prime objective of the data analysis 1s to establish a window effective-

ness factor (E) for a corridor-type shelter. At first glance it might appear

that E is a function of only the angle at which the air approaches the opening,
and for the most part this is true; however, other influences such as the type
of ventilation opening, the internal configuration of the shelter, the exterior
shelter surroundings and the density of occupancy loading can all have an

effect on the value of E. To separate these effects is a complex task.

To empirically determine the opening effectiveness, E in equation 2, ihe
data was grouped according to wind direction. These data groupings were then
plotted as ventilation rate per square foot of window area versus wind velocity.

With the inclusion of appropriate constants, the slope of the least-squares

Koo

curve £it to the data then represents the window effectiveness factor E.

AW

R

5.1 Directicnally Dependent E-Factor

-
L2

Previous investigations {Refs. 5 to 8) have indicated that the window

133

k3

effectiveness factor is a function of the angle at which air approaches a

o

)

5

~,

ventilation opening. To further evaluate this effect the data was grouped

8

pLFEINE

Py

into 16 wind direction intervals. These intervals included the 45° over-

S

Ca <]

FAAA LR

GENERAL AMERISAN RESEARCH DIVISION

2

B

18

§

e T g R N R S N T S U Ry



P

lapping wind sectors of

et

NNW-N-NNE SSE-S-SSW
NNE-NE-ENE SSW-SW-WSW
ENE-E-ESE WSW-W-WNW
ESE-SE-SSE WNW-NW-NNW

and the 90° overlapping wind sectors of

NW-N-NE SE-S-SW
N-NE-E S-SW-W
NE-E-SE SW-W-NW
E-SE-8 W-NW-N

EOR ey o I A R e T

The data points included in each of these sixteen wind direction intervals

were then fit with a linear least squares curve (linear because equation 2
indicates that § should be a li.ear function of V). Figs. 11 to 18 depict the
least squares curve fit for the 90° sectors and present the effectiveness

factor which was determined by the slope of the curve.

et o Mg = - P

Table 2 summaerizes numerically the results for the sixteen intervals for

an assumed equal inlet-outlet window pattern (F = 1.0) and for various limits

of experimental error as determined in Section 5.4, As the value of[ﬁs-wolis

decreased, the maximum possible experimental error increases. Hence, the results

listed in Table 2 for|W -W |> 0.002C0 have the least possible experimental
s o]= possibie

19 g %)

error.

Based upon the data collected during the limited testing period, it
appears that the 90” wind sector results give a truer indication of the E-
faotor than the results for the 45° wind sectors. This conclusion is based
upon twe observations: first, the range of E for the 90° sectors is in closer

agreement with the physical conditions which actually surround the shelter

T Bk = = e e i acy | g e,

and second, too few data points are available for certain secturs of the 45°

GENERAL AMERICAN RESEARCH DIVIBION
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analysis to put much faith in their results. Subsequent analysis 1s there-
fore based upon the values of E obtained with the 90° wind sector analysis

for[w -w]> 0.00200.
S o™

Table 3 summarizes the same data groupings as were used in Table 2, using,
however, the actual i1nl_t-outlet window pattern which existed during the test
as determined by hourly observations. Comparison of the iwo tables show that
the experimental values of E remain almost the same for the results with
Bds-wo}z 0.0C200. This indicates that the open window area was split evenly between

inlets and outlets during most of the testing period.
5.2 Overall E-Factor

During any designated time period (whecher it be for a day, week, month
or year), the wind direction does not remain constant, therefore, the
calculation of average ventilation rates based upon the directional E-factors
would have little value. An overall or average E which is independent of wind

direction would have more applicabality,

An overall E-factor of 0.15 was calculated for this shelter with a least
squar=s analysis similar to that discussed previously. The overall E was

determined by a least squares fit of all data points from all wind directions

with a value of [ws-wo]z 0.00200 (see Fig. 19).

57l @ 1
s il

-

5.3 Comparison of Local and Weather Bureau Data

o

Local wind speed and direction data were obtained from the U.S. Weather

Bureau located at Midway Airport which is 7.6 miles southwest of the shelter.

o

In addition, observations of wind speed and direction were made at the shelter

a0

b &R
M E RN
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Table 2  DIRECTION DEPENDENCE OF E-FACTOR (for F = 1.0) .
tand Pumdity Difference - lbw/lb s EHS-WO]
Directions > .60200 > .00150 > ,00100 .

ALL 0.15 (132) 0.16 (164) 0.24 (225)
NNW-N- NNE 0.21 (&) 0.24 (6) 0.33 (17)
NNE-NE-ENE| 0.12 (32) 0.17 (%9) 0.22 (73)
ENE-E-ESE § 0.19 {12) 0.32 (17) 0.4%9 (23)
ESE-SE-SSE 3§ 0.13 (11) 0.15 (12) 0.15 (12)
SSE-S-SSW | g 0.16 (55) 0.15 (59) 0.16 (66)
SSW-sw-wsw | 2 0.20 (50) 0.21 (55) 0.21 (69)
WSW-W-WNW Ef; 0.i2 (11) 0.12 (15) 0.15 (2k4)
WNW-IH- NN 0.10 (= -0.03°(7) 0.13 (15)
NW-N-NE 0.09 {25) 0.15 (b1) 0.21 (73)
N-NE-E @ 0.12 (35) 0.18 {54) 0.27 (89)
NE-E-SE ,’g 0.13 (37) 0.18 (55) 0.25 (79)
E-SE-S & 0.06 (L2) 0.07 (46) 0.20 (53)
SE-S-SW g 0.17 (8&) 0.18 (91) 0.18 (105)
S-SW-W g 0.16 (82) 0.17 (91) 0.17 (109)
SW-W-NW 3; 0.16 (36) 0.17 (Lk) 0.16 (63)
W-NW-N 0.10 £8) 0.16 (1k) 0.27 (30)

NOTES: Number of howrly data points for each correlation are given in
parenthesis.

Results are for all tests, day and night hours, and for all wind
velocities,
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O A R AT

GENERAL AMERICAN RESEARCH DIVISION

hatikh

30
T A A S AR




2]

3
i
»ﬁ Table 3 DIRECTION DEPENDENCE OF E-FACIOR (for F =F, tual)
% Wind Humidity Difference - lbw/lbd.a‘ (ws-wo)
E‘g Directions > .00200 > .00150 > .00100
g ALL 0.15 (132) 0.21 (164) 0.26 (225)
g NNW-N-NNE 0.18 (&) 0.34 (6) 0.40 (17)
3 NNE-NE-ENE | £ | 0.11 (32) 0.29 (49) 0.26 {73)
Eﬁ ENE-E-ESE | & | 0.23 (12) 0.4 (17) 0.60 (23)
. ESE-SE-SSE | @ | 0.09 (11) 0.11 (12) 0.11 (12)
b3 SSE-S-SSW E 0.18 (55) 0.17 (59) 0.18 (66)
SSW-SW-WSW ,3 0.25 (50) 0.26 (55) 0.25 (69)
= w0 .
g WSW-W-WNw | < 0.12 {11) 0.12 (15) 0.19 (24)
NWN-NW-NNW -0.07 (4) -0.13 (7) 0.123 (15)
83, NW-N-NE 0.09 (25) 0.25 (k1) 0.24 (73)
N-NE-E w 0.12 (35) 0.30 (54) 0.33 {89)
E NE-E-SE § 0.11 (37) 0.29 {55) 0.31 (79)
E-SE-S (32 -0.01 (42) 0.00 {L6) 0.16 {53)
? SE-S-SW 5 | 0.7 (8) 0.17 (91) 0.18 (105)
? S-SH-W 2| 0.16 (82) 0.17 (91) 0.17 (109)
@ SW-W-NIW ‘23\ 0.15 {36) 0.16 (4k) 0.16 {63)
W-MW-N 0.11 (8) 0.16 (14) 0.28 (30)
)]

NOTES: Number of hourly data points for each correlation are given in
parenthesis,

|
db Results are for all tests, day and night hours, and for all
wind velocities.
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and compared to the Weather Bureau observations. The temperature and wind
conditions, which existed during the testing period are presented in Figs. 20

to 26.

Good correlation between Weather Bureau and shelter observed wind directaon

were obtained even when the local wind direction was such that the shelter was

shielded by adjacent buildings. Wind speed observations compared favorably
except when the wind was out of the north or northeast where the shelter was
shielded. For these directions, the Weather Bureau readings were approximately

5 mph greater than those observed at the shelter.

During the twelve day testing period, the average wind speed recorded at
the shelter was 7.4 mph; the average wind speed as recorded at the Weather
Bureau for the same period was 9.7 mph. The difference in agreement is probably
due to the shielding effects which existed during certain wind periods and
also due to the manner in which the two readings were recorded. The Weather
Bureau's determination is an instantaneous reading taken once every hour on
the hour for a one minute interval. The shelter observation is an ir eyrated

or average determination which was recorded over the entire hour by the Wind

28

Speed Transmitter. The shelter observation would give a truer indication of

the average wind speed. Difference in readings may also be due to the Weather

r
et

Bureau observations being made at a point 20 feet above-grade while the

o,
v q?

shelter observations were made 95 feet above-grade.
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5.4 Error Analysis
The following analysis is made in order to evaluate the accuracy of the

indicated ventilation rate as measured by equation 1.

Given a function of n number of variables, the relative error in P,

d P), is defined as
a(p) _ 1 dP ; OP y dP
P =P (bxl) d(xl) + .bxe) d(xz) LR + bxn) d(xn) (3)

where:

d{P) = absolute error in the property, P

d(xl) = absolute error in the variable, X, due to experimental

measurement
QEL- = absolute error contribution to the property, P, due to the
1) 1 variable, Xl, with all other variables held fixed.

Using this method, an estimation of the relative error in the measured air flow

is made in this section.

Applying the above discussion to equation 1, the relative error in the

measured ventilation rate is:
(W -
a(qy _ d(Mw) . d(vo) _ d\ws Wo)
Q Mw v Zws-woj

[+

(%

The water input to the shelter was measured to the nearest half-pound, thus
d(Mw) < +0.25. The specific volume, v, can be read from the psychrometric
chart within 0.1 cubic feet per pound of dry air, so d(voj <+ 0.05. Dry-
bulb and wet-bulb temperatures were read to the nearest half-degree giving a
corresponding inaccuracy to the humidity ratio of d(ws-woj < 4 0.0005 (from

the psychrometric chart).
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' E Therefore, .

| +0. o.o'l + 0,000
Ho) _[202) 2005 | 20-9005 (5)
Q Mw VO _I ws-wo

£5e

Throughout the test these relationships held.

M, >12.0 lbs/nr

o~

v, >13.0 £63/1b

Therefore, considering the relative magnitudes of the terms in equation 5, the

&

relative error can be approximated as

Q) o 9.0005
- . Q - WH

Zin

=

and for periods when

g [ws-wo] > 0.0020,
we have

3

§ 2D < 0,25

or the maximum possible error due to measurement in the measured air flow rate

S

is less than 25 percent. Table L summarizes the measurement error for various

humidity ratio differences and indicates the corresponding number of hourly

data points that are available for analysis.

-’5 i:‘
v

Table 4
[,‘. Measurement Error

k&
- tﬂ -w] Max. Possible No. of Data Points
= s o
1} S‘. Erv..
1R

> 0.001C0 < 50.0% 225
; & > 0.00150 < 33.3% 164

> 0.00200 < 25.0% 132
3 § NOTE: As Ws— v]edecreases, you are in effect including points which have

highér Ventilation rates.
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5.5 Adequacy of Natural Ventilataon

i
-

With the aid of results from a companion study (Ref. 9) conducted at GARD it is

,,
<

20,
AN

possible to establish adequacy limits for a shelter located in Chicago and

N0t

ventilated by natural ventilation only. The results of the study are presented

3¢

1n the form of adequacy curves which were generated based upon ten years of
hourly Weather Bureau recordings of wind condition and wet and dry-bulb tem-
peratures. Once the EA value for a particular shelter is known, the adequacy
curve can be entered and for a desired maximum shelter effective temperature

the adequacy of natural ventilation determined.

For the Chicago shelter, an overall window effectiveness factor of 0.15

- s

.

ﬁﬁg was calculated. Assuming that the maximum open window area is obtained when

:;ig the bottom sash of each window is raised to its extreme, the total area

éy : available for inlet air, assuming equal inlets and outlets, is 119 square

j&; feet. Using all available floor area that has a radiation protection factor

?ﬁx of greater than 40 (see Section 2.L4), the maximum occupancy level at 10 square

i%’ feet per person is 275 occupants. The EA value of the shelter can then be

ih;” established as:

; ; EA = 94}2§$§l;2 = 0.065 square feet per occupant -

Entering the abscissa of Fig. 27 at a value of EA = 0.065 square feet per
occupant and for a limiting shelter ET of 83°F, the adequacy of natural
ventilation for this shelter is 0.982. This means that 98.2% of the time,
or for all but seven of the days during the yeer natural ventilation will
adequately ventilate the shelter such that the ET will not rise above 83°F

with 275 occupants within the shelter.
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If the occupancy density is lowered to 8 square feet per occupant, 34

occupants will be able to be housed within the shelter and the resultant
value of EA i50.052 square feet per occupant. The adeguacy for the same

limiting shelter ET of 83°F is then reduced to 98.0%. Thischange 1s negligible.

If the lowest E recorded in Table 2 for the 90° wind sector analysis was
used instead of the overall E, the resulting change in adequacy is less than
one percent. The overall E can therefore be used as a design value for a

corridor-type shelter located in Chicago.

5.6 Comparison of Ventilation Rates

A simplified equation for estimating natural ventilation due to wind

forces for aboveground structures has been proposed by Dr. Richard Condit of

ot

Stanford Research Institute (Ref. 10). His work is based upon building codes

..‘:
e 2

for various sections of the country, and upon design values of wind speeds

CH I

which are set forth in the 1963 ASHRAE Guide and Data Book. The following

LY

equation resulted:

Cela:

O

cfm/man = (floor area in sq. ft./man) x (wind speed in mph) {6)

.
eS|

For the wind speed Dr. Condit suggests that the adjusted ASHRAE hot weather
design values (Ref.ll) of H (high) = 5.5 mph, M (medium) = 3.5 mph, and

L (low) = 2.0 mph be used. For Chicago the design value wind speed is M or
3.5 mph. Using 10 square feet of floor area per man, Dr. Condit's equation

, predicts 35 cfm/man which gives a ventilation adeauacy of 97.7%.

The expected ventilation rate for this shelter can be calculated using
the equation Q = EAV and the experimental values for effectiveness factor

(0.15) and average wind speed (7.4 mph) obtained from these tests. If we
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3

2

.2,

assume that one-half of the openable window area of the shelter acts as an

| %

air inlet, then F, the unequal inlet-outlet area factor, equals 1.0, and

5

A = 119 square feet. It follows that the ventilation rate per shelteree is

B

Q = 88(1.0)(0.15)(119)(7.4)/275 = 42.3 ofm/man

=2

Therefore, Condit's formula predicts a ventilation rate about 20% less

than the rate derived from the average experimental results. With this

o

particular shelter, Condit's method appears to be useful for predicting general

s

expected ventilation rates.
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SECTION 6

2,

P ag
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Ci..r_’mﬂ's.l.d—-&-l

CONCIUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are made based or the test
data:

1. An overall window effectiveness factor of .15 was obtained from

o

the correlation between wind speed and ventilation rate. Thas
window effectiveness factor is independent of wind direction.
The shelter will be adequately ventilated 98.2% of the days
duraing the year. This estimate is based upon a compilation of
ten years of Weather Bureau data and a calculated EA value of
0.065 sq ft/occ for the shelter,

Half the windows functioned as inlets and half as outlets based
upon ASHRAE EB-factor analysis.

In general, the highest winds occurred during the warmest period
of the day (1200-1600 hours), and some air movement was observed
at all times with the hourly averaged wind velocity never being
lower than 2,0 mph.

Future natural ventilation work should center around three
objectives:

a. Run modeling studies using a low speed wind tunnel to test

_.,,,_
LJSE:J.LJ

scale models of actusl buildings already tested and then

o
»
%

NI [

formulate a law to predict natural ventilation.

Determine adequacy curves for natural ventilation of building

o s

located in other cities than Chicago using existing weather

pelalys SV s

55
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APPENDIX B

EQUATIONS FOR THE TABLES OF EFFECTIVE TEMPERATURES
AND HUMIDITY RATIOS AS A FUNCTION OF WET AND
DRY-BULB TEMPERATURES
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The tables are based on these relationships:

107.5 (LB-WB) + 62.3 WB

Bl = = %3 +oB-WB

where:

ET,

Effective temperature, °F
DB = Dry-bulb temperature, °F
WB = Wet-bulb temperature, °F
This relationship is limited to low air velocities and is restricted to the
temperature range of
L5°F < DB < 110°F
30°F < WB < 100°F
Effective temperatures from these tables have an error of less than 0.5°F as
compared to those determined from the ASHRAE Effective Temperature Nomogram

(Ref. 12).

To determine the humidity ratio, Dalton's rule and perfect gas mixture

relations are applied:

P, ]
W = 0.622 |—o—%
P-F,

where:
W = Humdity ratio, lbs water/lb dry air

= Partial pressure of water vapor

’Us'd

= Barometric pressure (sea level assumed)
(Pw and P in consistant units)
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The partial pressure of water vapor is determined from the Carrier equation:

=

(p - Ps)(DB - WB)
P, = Aol

B

where:

P = Saturation pressure of water vapor at wet-bulb temperature WB
s ’(PW,Ps and P in consistant units)

1K~

(The original coefficients were 2800 and 1.30)

e

Accuracy 1s 0.5% or better for all but the lowest humidity ratios.

TR

)

Y R W D WD R RX

GENERAL AMERICAN RESEARCH DIVISION

B3

B s o £ Oy A T T A I T T DA T R Dy O O O



{

TR

3

%

B

"0

&

R O

&

A

A5

APPENDIX C

TEST DATA LOGSHEETS

C1

AR A IS I A TS AR A A W A S A I N i

)

.

%N

I

Wttt




ok

oo
[ttt

ok

Ay

Uuvarsers or oo Nawga
Sroreee Rusvince Har ;

> h 00 Ty Ll tm oo
Soaaeo hidas —

Ourw Lo2 sk

7% #h

-t

AR
.:..ﬁm

7,
<

- J— ——- - —— . -

1o e M| Sow heth S et Abee 0 120 a0 00w sh o B Ao 1oo0 vr 1200 1aeu beew 00 Avhs

[l risisor rroun on 22 S8 gcmlca qa cmoemlon At TCTY A ITe o TU M g Mu ke WY ke Me g
SUELTES ERENGY PUTS -

DEBALS  METABOLK o EOVIPMENT AND AKNTING LOADS. a4 = ' e . "?

ACTUAL  POAEE METER READING J700 Vol 9ui 1 Bt an) B 1 B s BT B SN DAE IT 4O QUL LA e L6 Wk 4T AP A MLS 0% sun ¢ oy

IPUT (FROM POVER METER) S0 IS M4 NS BIY MY ST 621 Ao MY dex 34 4shAbe abe 410 440G 483 ILI MR ML A0 01 A2

o
K

B

il ARSI UL VTR TA T TR IVE DLV FYLE DYV TE SUTIPYY YL VL PV SR GUE N
24 5 46 148 345 240 24V 340 M40 25 IAF 2O ME WL IFOIE I NP MIS TN WT T :‘”

40— .

090 €00 047 007 B0 S0 KA S0 B4l L0 VAT IV 1u ve 1b b1 4t 4 ks 41 40 s 1e
IOTAL WiELTER EVENGY NPYT 01 SO I1T BIS I 06 IS V00 4o 390 ALk 40 4uh A4 RARE 4SO UL ATEAS L ACH aTh 404 dof 43S 222

JEMPERATURES  PEYCMOMETIAS MESHIAMCE 3

™ oot NEWS MEU2 50 100 4E MO YIS Mo HENCHE t0u Bo WE NS ¥o 015410 10 115210
NS 1D WONSE UE B0 R0 018 HE I 1S 160 BODT LS Lo W0 WG S UE 10158 1S 40
40 420 MOMIFRS IS YT YS ME BT 4u Do 000 60 1s DS s BOGUE LS QS QENE
RSN MEHENELIVII0 SO L0 W5 05 Me DS IS (10039 1o 1520 B30 105 1ot M5 MS
W e42903002541 S 05010 410 U8 920010 0 20 O WO DCUS YT B B EACAI 2424
MO ASUENEUS 12 91 400 410 810 330 NS IE 1K 120 J3o 15 (5 PF 195 15 116 18 %0
nens 4 "_"(M‘ BoBLEDIS P18 $20 )30 Mo M8 S LS BEKSIs 10 N0 1S 120 o Mo
f-u;wd 08NS €D 1£01CP 168 160 166 155150 150 1S P TSI LIS Bo 3o US1IETE
JHEDIS AEN0 108 G208 ME L0 MC LT 1o IAS NS}y LE K IO 1S We U P DR
155 ME NS RO WO NONE NP 1S H0 2T e b TS 18 19515 70 £ 152 0ILE 70 #7560,

carTEe DR
centza way

€4 AMBEMT $BT NORTH WALL OF WEST WING
€ AMBIENT DAY - J0UTM WALL OF WEST WING
CIPAMMERT 4B SCUTH VaLL OF wEST wiNG

MeNNTeunun

PITCHNOMETERS (MERCHRY S3UB TUTRMOMETESS) [
Gi Consinos pOATK DT 4P HE NS HS IO 10 100520 895 KE UV NSNS T NI 400 U5 NS 0
G2 CoRmOGA MOATH BT e WSO MO 108 105 10 LIS HS IS NSNS0 1o PS 1o 10 1HS MS 19 W0 10 o 1Y
G5 CORMIDOR - CEMTER BT 0 430 4O HE QSO LSOO BT LSBT AS 0040 4 HC 800 N ilo 5 2 110
1OR CANTER wT NE 20 WS US WO RELSIE 1139 135 139 130 BSHTHE 18 UP 10 N2 106 BEI 10
c conamon souTH DBT OB GE U I U5 1101 010929 4.0 4 5 10 010 Q0 G42 450 S ULULDO NS 1S E1L 910
G4 COMIDON SOUTH weT TO00) I BESLLe L0 P b0 LST O LSO 1O 40 LLE.D0 N5 LI NI AT BS Lar 155
G AWBICHT DBT NOATN wALL OF WEST WING 1O RE NS WMERILS LIDSISC I NE NSL s 1o 220 150 [0 150 42 Ur M2 132 150 phv
O AKBIENT #BT BOSTH WALL OF VEST WG IS Y LASHSIL0ITEISPITEIE USIELIEE 1SS e Wl Bp 165 10 2o W BL 190 90

i-
H .

aveasces Y. - N . -
AMBIENT DAY SULD TEMPERATULL BROMEME N ALDS NS RCID WS 8 U o e N0 IS IC DS Moo BSNE IS 3T
WIT SULS TEMPERATUAL RS I ALE 16 LS 1FEWOIEE 155156 HE Tn b S, N0 WE W BE UE DENS WS 155
LrrLCTIvE TourtaaTORD US> LIRS I DI TU NS UD ) U D VL HO ) JLE M0 ME 106 YT Bk 9D
e vouout We WML DB WY 48 140 140 10 W e 160 U e (bl U1 181 5] 4o 13g 9 I0e HI M)
NUMIMTY 2ATIO Saad A s A MOLENINBE 6w SWe 4o 40l SN L0 200 NI

DAY BULS TENFEAATIAL 5,120 410,005 466 DS G dus 490 AT A WC o 4 00 UL RS (LI BEMI SO Wo 45 T
T BULD TEMPERATHRE A GCUE 398 90 LENENT DO RCROEHSNE 110 020,00 1o 106 %0 N Mo 10 UHEUE 208
TEFECTIVE TIMPLAATURS B 3L 2L 1S5 14) MY Ieedeg 150 MY .NE P M IS ] MY M M PGNP s s VS
1713 3 iy W 13 s e HE el e s i uA e T s ks iy 8
2 ate, vy o : ST o8 4ty - 0dere
. -4 -t . i
- . P .

e

VEATKLR BURKAY  wDNO VERGCITY 4 35 4b 00 81 48 5% 46 04 40144100 di GO Ov Os 257¢3 53,4306 00'5s L4 a5
s - Wt s =l b

) paECTIoN W SV = vk LAt £s8 - YRS I
CounTza READONG, B PP CICIREPIN ) B0 043 101 0KT 003

esgon b 0t sset0.30
IR VILOCIT 8 308 Bl P4 A% wd 1n Fioae 83 3k 33 a8 21 28[at a%,4000: £I40 595 4445 1A 00 0D
IND DAECTION. NE et S s W G NE S S S S Se) ) el el i, N NN N W T e padl
“IND YEL0CITY (TATLOR WINDICOPE) AR SRS E LI PRS- A S T U S IV

o= N .
4 . S
AD_FLOw RATE 19 2000 00 ITM 1710 NOD WP 136 A0 Sup b INE V0 1300 Jat0 Qom0 IO
. .
AUMBER OF WINDO® ACTING AS INLETS 3 = ae Boo a0 ay a6,
o R

SELCCIIVENTSS FC108  Gree Toi m - S35 B 65D AT I 0 PIIAT A2 13 KA at e pAr 238N0 038 MIB S 4L arESAT I8

*

10G ROOK PETEREMCE
et

Pl

L
R T

Py
AAR R
]

o5

c2

ol

L xia,

PG PN A AN SN MY, AL ¢ y "J' i 'l N CACHP O



S

(053]

b5
"

(AN

PR

§

{
&

-

RN

Usisusmr oo henos
Navonae ve e E —
Sevesnm Rerarcuce Hace g ;"“' T Tesr LI is =z
~ aunma
ELE T TIPS i Dare 24
! v/iap
NOU'.
fiveghvet S aam, PR N pres i e g iol g i
T zor e - mc..rtuc.. o Coat mr_’; no v n i o n Tt M e spims gy oad N
i ven nescy mryss P J .
DEEMER  METABOLIC + EXVIPMENT AND LIGHT G LOADS P i e e = vir

ACTLAL  POVER METEN KCABNG

1hPeT ir00M POVER METES)

ares oevmesmeor

Jotay mimives vuescy mesy

Inemmes  secwsToes mreto s
G connoon  aoaTe

i Comizon moara eat

€31 Conmson 30¥TH 0BT

<4 corsmon soutx By

€3 cosaon coutra DAY

€4 Coesimon CenTLa wey

7 AMSINT DOT NONTM waLL OF WEST WBIG

NOATH WALL OF WEST wBG

C3 AMBANT 0BT SOUTM €ALL OF NEST VNG
CIOAMBEENT BT SCUTH waLs OF WESY wEO

PEYCHIQURTERS MTACORY
CU CORSICON MOBTH DAT
©2 COIOR WoMTH waT

TEAOMETER

7
asmnr

et swis TEmPEsLTRRE
wET VLB TEMPCOATYRE
RIFVCTIVE TEuPERATIRG
specac vou

wrasT 2aT0

mreTen

sereup onate

o L TION

-
#INB TELOCITY (TATLON WINBSCOPT)

Am f10w pate

NYMBLK OF WINIOWS ACTAG A3 MLETS

106 w00k ALFEREMCE
et

oW o0t it Ynaleati 178 wtn wrs T PO e 1630 10 Y 1SN 28 3115 M3 OTY S RITIMS ures T 10
420 Uy sas dle an Gre WT 4o gy WS SE3 N0 ALY L0 2V KafiD KT WE DL AR DL MBI HT W20

20324011 200200 451 14t ges 208 2 330 aan U8 349 333 11O 30 BE 230 XL 30 HE 2o b 301
1310 270260 201 35 2o 265 337 Jou NS 290 338 N5 220 108 1E 110 230 N0 IATAAS N 300 M# 23S

10 o g
Ll 11 (o 78 ve 40 70 0% so ga_ 0% 0300 0% 09 08 08 41 01 49 01 01 o2 OF oOF
WL U W0 h30 110 wse U5 UY 16 RFILI QY DL RY AL RTILL LT 5 NG BT HE 2n

[

UBE Ko 05110 G000 grr 8s00ss 800 MO N8 IS 1S O O 1S HN Dp 1S W0 LS i 2SR
ST e N Ne re s NE R rse 135 120 %S TS T8 T2 TR0 10 100 70e Mo Ho MonF nF

bt
e s HL G050 Mo Pue G158Y0 [0 L $0b 465 BE ILS KS WO P15 TLo 100 I15 Tho A 5 AT
f’” MERL Je0 P ML e e rrr 156 e 118 128 235 1IS TEO W TRLIEE 160 150 190 790 Yin,
0 s A e £ 2t e rra 37 TS 35T NS x5 P 1A 135 TSF KIS TIE M TR0 T2 100 2 €
M rr e i0a 420 s bos s soe V10 HT G0 64 CTRETS VS 20415 N5 200 WS 00 415 45
03080 pou rer Hu e Mg 2o e 156 100 Tip WF 1S The We 150 IEE U010 155
WS p e 05 682 SPEAIE 600 AT 410 410 676 T G5 15 05 Mo US RO TS VT BE L

| g !
] . -

I3E00¢ 0r ase 820 ars 470 oun are #re tYh 138 WHEGLELSIE 8 FI5TES T T FAS 130 210 DG
ThE W we s s We W we N Ne 118 110 WS WD nuurm 728 M2 NS nens
TIF-ore ot dor ss Bot ors s soe'res 115 V1% 108 o Hhobhe AT IAr Els e e M 1o

Wrer e e e 4o s W TSI S 2 Mo 10730 135 700 T4 % Junme us vo -
oy we R st 310 05 0 BE B8 TS 380 353000 IEe 158
Mo B me nr mo Mo TIS NG IS Tfo Ko S200 116 TLT 1o 10 Kk W0 T35 U0

Kalrr6 300 1A Tie 236,750 KS TR0 T e 110, Bk 165 US
i L tb’f&bar TaS" IO N o BT ity AL

[ S .
- amee . .

A TS n’ L IR ITRITPYR TP RV 7‘. mﬂnn 'm NE Us

10 s su o STH 620,610 Te Yo TAFUL T B A NS
M Tame s, NP e LS 22975 “I ks ”’.71&.”1 nl Tie

m::‘m Bt 20 28 0 118 @r 13T lu n? :w 11139742130 BE 87 9, 81 h' we ol 39

oo preipad o

910 00 070 89 825 208205 010 320 Bv Hin 178 19 135 u'p{rro RIS RO lu‘.t:rn-rnfjn for
N Mo s woras W e e Mo ISO_785 125 Ve MT 10 120 Kb e IEAT e N Mo

Stntachatorig

1 jEIecee s mepa? pr A1 w ’w'»p,n' 1!5 o p.r?“ Mengny My
Thane EM AY 167 H1 M0 20 191 gy s WD B, et WML R A e T
1t 25 Py arrany -v.....,m.-.mum;unamm,-qm .onrm ..cn( s uge
= 43 12 g4 -f 63 9> 5812 42 us 138 NS -.s‘ fu!e S T ey AY 31 St K1 L
s g NE N =..m‘wm.x_u e, Ml E E ¢ wnt N | EE ove
o 42, 4708 4172 401201 190 AT Cop AT ASTTAII A1 e 1105 O o1
s 9 32 by BL o 3 70 12 78 " uer e wus! te wa'er £754 TRET b0t B
HE HE 6C ¢4 ub o5 ot 45 FE E B nw‘l"lﬁ(nflﬂﬁ‘ﬂl-m.ﬂ -
o £°7 .8 ¢ ¢ @ 2 2 9 179 & .-'1 P "o
arm
. - . -
. PP -
i - 0T -l 1
.
N
+ ]
i U : o
- PR PRI .
— mmme— . '
) < ..
{ - ! o
* ‘ o
t - H v e e e
. . . . - -
osce - - . . [N
1

v A A M R N N S AN A M A LS,

C3

AL TR, NI TS DT



2l

A

s

PRy

~

02

")
AP

Aoh

AL,

e
[oeich

aydpipegs, g

RS

i

2%

L QU

1
333
X

Unveasry or Lumos

RO

L

NN

MAANLY ‘w 3"5‘ AT

Navsrar i - —
Svesen Resassce Hon o e T TEr 2 43 4.
" vy
Cunaco leawes Bere Topese
77544
- Lol L e s -
e W LSer se00 bt Ron St PO W Lnet deu B 0 srr Mo M0 FIE v st it owe thee sy AVE
TvaE of oy CeaCse ‘Cap Cra Cra Co Coa 2 ae M 20 ool e 20 28 (oo Co 'snCon Con go iy ¢
By vie onTact mevrs e .
EIACE  METABOLK o EOUIPMENT AMD £ IGHTING LOADS anrona (42 _TISTTTT ——— - - b
ACTS4L  POVEA METEA RLANNG It e p | S0 £ SR I PO 2T S0 0 poia Fie A3 WD HIEIND ML ATES GAT MLA ALy e va v m7 D TG oin R D
SNPYT (FIOM POVER METER U P T 4 0 A e T R R AR AR L IR A
wATER  OLIMES G s (BRATAR T AP AL &) wd 72 113 KA g Ky By KIS (L0175 17 84 60 4% woav
ACteat mreT iana [HE ROAL Po 45 @o e @ 2o N1 IS B AT NS ST Ha (30 e IF 5 sBa sk e "
Tatuatey e | ——— e a4
nrer datema |02 02 00 48 v ur 4s 0ser 07 07 8767 07 T eT M 00 er cr 4T 0 0 -
JOTAL WELvER ENINGY mreY wstyns 2D ALY W 21 90s e vie w7 w3 BT B B0 110 T HE SB43 9o KT DT 07 8 92T
TEMPERATEAES  PSYOMAOMETERS MESETANCE SYLIS)
1 Conswon moRTE DBT § UL e AT Aemv ae mr Ao X5 Yo e RO O Ko SN LT e MO NC T
€2 CORRIOOR WORTH waT § {MENR rer e Mo dee moseu ard To UTe 410 405§ Tty 460 ace cot o
€1 conmioos s0UTM 0BT R T O N o T L e
00T Wy g KIUOMe oo 21y 200 Mo svs e DI 307,0700 T30 RELTL TG IT a1 41y sty 49 370 s0m
€3 CORMIOR - CENTEA DOT ’ 516 podoe sie Mo pmg dun pF
100K - CENTER BT r Bt US A e
PORTH WALL OF WEST WING g BOAe
2OMTH waLL OF wEST VI PRy T e 41005000 LSS (S0 (20 GO (RS R6.x € &tr spw st wer -
00T waLL OF wiss W3 r HEMeps ke e Ha vk e We UE IO YP RS HE BE U HSN 140 120 348 110 WrER T
CHAMBIENT wBT 10UTH WALL OF WFST WO WO Mar T ure pre e Wo re e SHTSBTUEKSBTIATDCUY sruss por e e oo
TCKRGMETES SIRCURY BYLS TAWALYERS . s b o e .- -
Gl CORRPBOR - SOBTH 08T oy A _MS T r8v 200 ros 1oy v 127 110 T30 Nt Be NETIONs T2 Mo Mo e s /1 e rew
P S T R R o L R e
P Y R e L R L R R A
5 ME WS ae mr s s ar ite ree S0 §10 305 (0 Lho (ho bArHEe 0eusen see e ase e
P P Y Oy Y e I i
b UGB rc e ME Ges ws he tia T2 T30 Mo NF Toe (101460 (15 b T ox wa st 4% srr i
r T EALS Pof me NE e Ak Gy peo WENE Mo WO KO Mo Tor THE Mo mS e Mo ¥ wWe A1
O MBENT wBT MOBTHWALL OF VEST ¥BNG o [MPORe dZELTESITLIE Ry 78 48 (o 670 O 650 D08 CLo R0 IF 4T Uy i3 iae be e
e co- e Tt ot T
AMBAYT DAY BELD TEMPLKATERS v 950 155, r0e oo tao Fea WE new pae W Wa B HO AN Ba W VS Mo me SRS Mo pra - T2
vy TEMPEAA' r AL V5800 oo 75 LITERE cr# ard {20 (30810 LhQATT IO RO UA0 408 s/ i i 350 4rd oo bud
LrTCCTVE TP aTERT e [BFWIR e At srg e s Ba Jr (19 (30 $26 453 61T U4 400 00 2 Mo W3 Wn us Ted
SPEcanG vouwer 13 {08 N7 B 02 GTRT AL 4T D] DT R BT RS BE RLDL A2 2y ayor 4P as ns DT
CMONTY a0 1071t [N VG OA A BRI AR I Y AT} SR M A DOCS PO A SRR 10 S i D 2ty L sl
mELTER  DaY BMLE TEMPERATIAC B R el R e e T T L T T T LR L N
~ETavie TosresaTORE O R T R e e L T e L R N A
FIFECIIVE YEMPERATVRE. w P AW N HS M NE e W33 T N TH AT NI DINe 214 sy Mo MWD mrs s Pk
PECIFIC YOLUME rxhitna [N 185 sap g A3 428 Y AV 3y AL ALDE B3 LTS 08 Rl e 42 pr Abes 100 [
nasrty 1ati0 a0, L]0 a0t s 10 SN ) ety B SUP ML SO I0E] MRS W) 0 g o MY 1m0 o ATH
ey . ’
WEATWER BYREA®  wINK YKLOGTTT P 13 149 A3 o4 113 €508 A3 OSLL 1S 00031 Fo 1o (B 1Y R 012 5O Y g5
whes wpeiTION NE g N N ME O e Ot 4 W INEE L B S R CVELI e & & 04 A8 (e
\
aoor COURTEN REAMRG R L w[ﬁ Lt AL ATN L3S LDe LAY [em 2100 L2 Lt £123 Sres  1BNY
D TRLOCITY A8 S o Ml B e mr K B mpraine 3N 38 11 pe de w2y @t
win orecTon IE 26 _IC_ 4T W COC £46 08 a7 st e A6 WE o ot
ien VELOCITY TTAYION WINSSCOPEL Ll DHTRTR PG RN Yy .
2% 510w oave cru F130 430 e H1 FUINED 300 A0 i A oN0 s g — —  §10%
MPMBER OF FBIOOWS ACTIG AS VLTS KAST winpows 28 38 s At A Dy a9 29 30 ) Qalls Px Be Ko B we sv o 2T s 8 a8
v wnaows -- Iz - - == e * a e w = e o " = -
#% vasows - -, STTETTATTIIITE L v 2 e ae e e e . -
LLEEETIVENTSS FACTOR  Gee Fai @ 3 016001 o4 010 B0 020 S0 @ 1T €L OUs GFb #N 001G 4t e mETIIS 0L AN = -
r
3
.o PR .
<.
i
Sommtrys L0G BOXK METEALNCE. race -
smxe
4
PR
« -
> Ly
ERRER NS




=z BBY

Vavarsrs or huwmeny
Svoveee Rusaeuce Hie
Caknso laanas

Nresase Vorgaman 5o N SO
Occumnrs Dere St
2%

}

oL . -
- Lty e e ———
ORELawe | tow Do (3o pow Wt (e [0 V0 1800 e 308 2300 310t GOV ity e 2300 2400 3T suce o ANK
JAITIALE OF TEOWMITION R S T TN T e M T N Che Lpg (5w (re ity (ra CieCoa mp mp  Fi
. soetes exeacy mrers PR Smenv
d SEIBID  METABOU ¢ COVPIENT A%0 LIMTING 104N usrona jE2 o . P - b
t‘ ACTOAL  POVES METER BEABIG xem i bad g 9 3 eany P
ANV (PROM POVES METERL anryme |46 B AT 410 HT 000 Wo TIe A 10D PO TS0 V30 W AT WP Ud i 220G WI VL VIS B &
3 s
wATER  DESRE® NPVT oA K0 o UF 330 DEIR A0 20250 S 2RI 28 204 230 2r NS A% 207 HE 6 WS
ACTeAL MPYT 1bna [0 X3P M BAT 30 330 205 28 26n 256 350298 M Slo dew drv 26 T8 2o 415 2 BE 2r D0
EvTuaLPY stene (t0 e
wre1 MITWAG (07 A7 €9 61 09 K308 4 4t Le_fe ke le 10 AP e @Y y et eT o3 6k ot £y OF
2oTAL mELTER £y mex MaTeam 426 SIEUE MY KL e SHIY 430 TIIWe Mo o TI0 0A €3 W2 s 42 W15 22d 410 MEME YT
)
JEMPERATERES  PSYCKROMETENS MOSETANCE DYisn
r J20 126 124 TLS Pho #4357 319 §58 15 815 SISKT 160 S50 o 010 Arontesve 000 sre a0 5 He
s e WS o UV Tea 15 U ofF 00 WS KO NS Nw o tte 15 72w the ma Re WEDE
;- P BC0 BSTECILC S0 155 Kt 170 K10 15 1€ 005 1S mr 010 470 2 s G mr st mu su T IhT
q ¢ Ve WS TOWIDS 12 The 1S 135 215 310 135 108 M8 The e m o~ e Ha N rer Wo NI
v T IR NTEICCINICS (o §15 475 505 545 800 119 115 0127 090 s w0 s sasase fre pr TotrE
0 RO BSROCULUS Yo WS 10 US W0 L0 RS JI8 WS Av 270 my Ry rre v 26 325 130 A0
T BETISHOTIEISTIIL 115 oo NS f4n K25 BT ELS (XS 010 ie bon gpE mt i mE rec Tt 1P
7 A UTE 0 I ET0 00 U ELS 1S Clo T LIS EIP 4BS ws 400 cxr grn sy € opn 449 40 i GIN
€ AMITENT DBT SOTTW WALL OF WEST vING ¢ e TR RIS (S 100 15 HID6T0ATR HS0r aye see 508 140 20 Mo rax 98 e
q CLOAMIIENT wBE S0WTH waLL OF wEST VBE r o PECUI0 410 TS HO U VU NS 130 1P 15 V3 YT %o no s 424 102 sbu 426 S7e 220 L1T i10
2, .
& N
n aacont ac1s
€1 CORRIOOR - ORTR B0Y ’
§ Somemry :
o8 ©3 Cotrmon - covves sa1 v
C4 CORMIMOR  CENTER wOT r KT e Mo e £3e Yo NS X0 $10L10, 220 P00 Yo TS0 rta sre WS 1is Ms Mo dt5 Mo o Us

7o 115 10 Ko Moo 135 S05 10 10 HE,sat 1o 535 o= sasists ote o
740,700 T4 N 2 200 Tas A8 4N UD IS L3CTIS PS5 RS N2 mE 745
VL Tt0 JEL T 0 0Te T e S0 G Stp §iv 556 0o 2

© Coaawon  JOOTH saT
o CORALIOR  3OVTH wBT

- GP AMBRNT 887 OMTH WALLOF WEST SBG 5 P i 7o rre 20t LU
A 4 AMBENT WEY - ORI WALL OF EST wIC TR ArEAFLIRLERTICI 20 W15 115 S15 LIS 03 U fde L0 lcex are 4iF 4rF bbs <o 42F GE 400
I3 T - . "

I . e .

Aveasces ..
Aasunr

o R NC RS20 BE 0 NS (e t1p Mo F1S 000 me 255 200 o 1o 1 ree T HE Qo
P 50 47043 T459 708 10 100 700 IS TS 08 Tae EF64IT aVe SRS 41T 470 s05 4b v sk e $10 420 S0
r . TN ITEe T LM WY NG e el Ra wg MI V2 72/ %o 2o 7er %6 BT TSy
[p0310,, PRTILF D9 1 M0 Mo firia ML B! AU M TEO Mejas'ag 21 e v 7 &3 mr B3 BF 134
s 118, foed seramey e 01000 . S, KTV 17 90, e e T B Y )

v {10880 150980 TRe (CTISS IS 115 LS HO SIS KIS 70 ek 0rs Wl & v a5s ot bes sut AL (b
r JDEBS IO 0TS 1OUS WS 205 5. 1S TP 130 HOrtt pu ¢ s 10, 100 12 207 100 TG D T35
4 Vn,-m;m TEE IR L LN TC0 1Y Tie N0 ROITIS WY 002 gqp s10 18 N7 1y 417 22y T 1N T
11000y §190:100 100 MO 180 100 Be 145 o 10 MU (31 1 WU s, %2 's0) 240 ser M0 120 o0 190 RO

L0 rin,, AP ASLAD SN 24 MW £SIF 491 B0 1T A T AR WIS sl 248 wtnf 2t et s oo bS] 210 AV JOT o 440N

boeem . .

=3

mccren

2

oo
Calel

wEateia synsav e §35.58 387000 11 43 01 Q2 et ¢V 00 42, 5351 S 0F HTTAGY v T4 Te
- S sw S350 5 ST WM B S W= SUDWE S, T 35T tve B see S
s i - s
~oor L4 219 L5041 Loi ATLAISTIUS 8T 0160 AT 0N 8354500 BinT cull 5157 & T 02 0 Vv arsa ATL 4EN © VY
M JR7 KT E3 €7 20 13 1o £ A 42 11 61,61 C2'4Y S8is 78 2783 8478 te 12 23
. M6 S5 Mu st 3 SN S S Su S WA IV I IO B S S &
e £ el 6 27 1 et £y S 4 £
i_c. a® g10w aate Cou [RRE Dt 23ie Jme S0 VB L3M6 SHO 6 ke Abe 5100 e TR A e 13w 5w mer s
b
b DS o wENDOwS ACTING a3 BLETS Tast wweows L e D
oy e warovs R S L S MU, N B, NS A0 SR 2 202 2 2P
S0 wm_oes . - -
IR L
: ; . .- .
n IIPECTIVENCI VacTon  Wer Fe W R Y LR Y TY F TP VPP PR TN DN NP
e . - -
3 B CEERI
. -
T :
Iacs e . .
v - . PO Y
i
i .
\’: v 160 soom nerearses e ' - R - ) )
} g swemct .
]
»

A T D o ST T S T s T S S A A AN



sy

Nawmac venriaron e

RPN
3

Sty

2rlvs

)

o

7,7,

Sy lecly

;7

ATUBEN OF = (ABOYS ACTENG A5 INETS

Soananrs 166 boow SrTLIEIEE
¥

senxc

R L Y L Ty e N N L'

N P

£ -

i - e e . '

. T i

» N -

3 .

H H . -

i -

: i — e -

H

H

H e e e -

3 .. - [
et Rl

[ Tare

= Rerdewce Hoe e Ter L3 s L5
N M Otvmars P
. bt
R R e T T LRI e Arr-Aphap YR
TR ¥ 77 T 288 hu g g e pog Te I J0 I T\ P\ Ih N tcelgs ge Cew Aeg (oo {ga (ea M) AP T
MIEATER ENERGY ssputs . v
SAEE  METABOLIC « EOVIPMENT ABD AKHTING 10406 vrean I . - L
acrean :o“..."..;.m e * o Toir S114 RIS PAS T0) TUr.~ 4] vree TIIQ WIS SVATLLGH 2151 coes ment w78 ete eurr or sire syirmtr 11D
IAPUT (FAOM POVLA METER) saovean 16 S3L Wo M3 M3 437 413 WJe T NIV ML ST KA PO Cs pie — 8 WL W0 a10 V2L 033 23S 3R
- A5 220 4 ITY ISTRT 2NN 20N WYY e QW doi 2iv o 2T 270 200 tun per 86 I
R e o [Me e 3o e 32 15 AR 331535 Yee XS RS ST A e+ 195 100 1o tor sow »n‘a-r o5
u ronms
foiring N R R A N T e R R R LK A
1OTAL BiEuTEr Erency wheT ustyrm m 5450 453150 M 4EL LS H3 TS IS VI AT @i 02 B et Sto b Steues WIS W3
Jupmang :':::::.,'.n;:r::“ e i (R RSIESITS PS50 030435 X5 NS 1ATHT0€cH 5D #uase s die S26 810 s sos TT IS
€2 CONMIOOR SOMTH wOT ¥ (I 180 I8 Re M R0 1K0 WO NS K2 [00 Ue TIOWS s Mo T T NS IE Ak ars oba 1P IT
€1 coamon soutn et ;o SESTICINCSE HLTLr 110 340 4T 41K 0 515 1O S10470 sec ree mos ar- moebre sra NEHY
€4 common soutw wat 7 IRe e XrI7e.m 770 ~ev 140 NS e fre W5 TI0 o #ee e =1 o As e 2 a1 TIE
< COMRICOR  CENTER DAY r J'un. P36 IESTEN 45 113 423 V0 R0 1S nqu P02 870 10 o @ 070 98 P37 oeE ik CqEVeG
€4 CORRIOOR + CENTES wBY r rb 750 ThO.TE 10y WS 1S UMD M NSNS TLOVIS 276 ns no ser 02, -
€7 AMBIENT DOT MOATH WaLL OF WEST WG T e TR IIEHS BT I 90 415140 100 5 (S 450 MO 830 ser s ar St 7o 1o
Co AMBEMT ¥BT soBTE WALL OF WEMT WIG e REWE LI KENS 196 WO Los WS WF O TV “womsd yl ma
Co AMBIENT DBT SOUTM WAL OF VEST WiNG - T2 5450 Fe8 10 138 190 15505 115 110 1o 15S Nbﬂanc 5 e T Pee NT 200 3iy Tk HE
CISAMBINT €97 . 30UTK WaLd OF VEST wIuG r BEILCTTe WO TEx e $4S 110 KI5 120 €00 10 WS Tk me 105 pes waf N2 M08 adeprs (14 465
A H >,._ ——— -
<1 conmon u;;u ::' e r ‘uo_lu K BREILE Ve SIS0 WO No ghegTh 3 WSS m0E 1 8e4 0es bas Be dis #es BE Mo
Gi CORLmON MoATH waY o IPETCs I00 M 75r 165 M5 100100 o The HI DI Nr Av e ns Mo 600 485 cor $10 Bte
1 coMmon CENTER DBY T JTe Ko #1s D510 19 NS 430 V1S 125 60 110,410 £ob dcvdve seg aes 020 400 018 0r8 1L 92
Ga consmos CENTER wBT v 1090 10e 30 e N JI0.1IS 313 TISITS TLe I8 6k Mo Moo he WS Msdtr oo
C% CORRIDOS  SONTH DAT r N Ry 038 T T B 10 U5 S 2085 nf o3 m-’-
oo corsmon soutH wht r o aemrzer e we %15 WO NS 700 A5 D2 ”
G AMBKNT DBT MOATM wall OF WEST wING. - Pio o _sre T05_ 110 107 15006 S $0 322 §50 lf. BSI!O’! PR O T T YR A
o AMBENT BT - NORTH waLS OF SEST WAV v TR IR % JIS. OIS 216,740 BS 1SS 170N raw 2ae T W95 410 san was bbo 114
s
BMBENT ST VIS TEMILAATYRT 'nur m.{ﬂovs 115930 1,0 (15,035 02 0[00v bia ame r0s 2 rra me Bé P20 455
wET SIS TEMPLRATORS. ine unu e u- Tee Ta 303 Yoo 110 110 0 T 1:5‘-" % r0a 24 sox A8 L15 ma $30 EL0 NS
CEPLCTIVE TOerERATERE 'x- TET R T2gIXT vuJufﬂﬂDJLS.nlh’1!-7.1". o LAd A e e Nt T3 11 MY L
Iy Ay w3 M3 TS HURY Y S l-u;«mn..mwm Pt
Ry e S Y ﬂl‘.m;ﬂ.'”mm,na*-u,-—‘ g o3 oD sy a2k SNa TV
meeTen K0 110 0 SEE e UIVS 120135 1ea"the £15 110 s v aes are oes Mr5 a0 ALV T8
F B NoILSTISC100 He 170 148 WS D NS 118, ;M"npx mE e e IS Vee W LR caliid
n 05,782 My teg FOT P14 25 632 lh-".!llfﬂ-l i fLA e gus dos e 103508 ma Th Ri ek
T o g BiIR3AS B3 a3 3 i) 3' 3183 43 w1 s s 100 e rapoos 16, BT o
T Y BaThs e (VT A0 T ST HAIINTS om0 e T, S, W2 v v, 20 et -u.-u-:-/prm.an)
i K - N -
e
CEATHES BUREAY  WNR VYLOGTY ™ 04 uf LRl Nl kel A3t N3 K0 0% ne 2T 0 12 b1 u ﬂ 12 53 42 §1 €4 2T 123
pllgbinasng Sw S W SW S 350,50 59 5 tadianane ¥se WS W W W 0w v M W
b comnta o7 190 LSF=E38 ka3 i 320 N1 4500 10 01501011 (143 ele car 4D fare ¢ oce e AP L300 10 AN XD 1 206
o eavEiotY 8 3e8 mam TNEE KD Wh Do AT 53 157 i N 153 53 DY A8 W' R Y T
w2ve marcon. SV S/ SV SV SV SY Sy sWSie 3 Y _u.a W S ew e vw e T W
AW VELOCHTT (TATLON WINCOPLS ww GE T OB BT 203 FIAT ¢ Y i € ®apy
2 0w ate

" PR

e o

€ e AP oae

c6

! M ,‘_ y MO0, :4"(' .."‘,‘\: J\' \""& Lohe ,'( .' >, f' -(L_J"_f._v' y‘\'V' X0, o,




VELATHER BVALAU WM VELOGTY

e omrcTION

CORTL READNG &
BB TLIOGTT @ tea T ks

e magcTIon

WINS VELOCITY (TAYLON wNOCOPS}

WTMLS OF SINTONS ACTING A5 BULETS 2237 epvoes
Ne wEesows

3% wmoows

CEILCIVENEYS Pacton  Gu Fez e

crn

Usvsastry or ba mes
far. T
pagt- Sl MNarsac Vewrearen Tosr Teur 3ot 15 &
Cutas faewas Loy 15 Occvmanrs fere T4
PR adiiisd b
HOL? i ¥
o [ [ 0 T o e o 7 LA e B e S0 8 e S G @ S i R4 A |
Ry oy FEHMTIN P ™ PP gl nln B g louies o o Con Connnasonliig 2 e 3
T
SRCATER (NERGY AU v o S——y—r - . R
BEHACE ML TABOLK » EQUPMENT 43S LIGHTING LOADS. urana farzm ity | i + ns
ACTUAL  POSKH METER 400G fsganl rfyes foely e/ -E7 w:mmv,:wau;x‘m VIS S0 000 20 8 At s wes i R TUT OIS das
INPOT UFSOM PORER HETER) azen | 126003 [5es m'ﬂx 71 Koms, T 11412070 e P
waTER OESMEB BT M NA- -| 7 w3300 m BIXSNANS S ILN I Ssr S2 P M7 SI7 IAY S 26 Fr2 S84 9T
ACtual mrUT Toma 320 00 Xi T A 0¥ 30 JEO NS ILE IS DA KIME | XT siw NS Mo 245 2o 2w BERS T
E3 swreater e e
vt uarens §47 0.1}74 Lr,;r ‘-1,1(.‘!4.,1 SUEINAID AN NS/ D 08 o8 s ea a sk 4s IS 4N un
IOTAL MR EnERcy Bpvr aorema P55 373 %5207 TIS 0020 5 WIS WIIT ST AT 270 ras 2 sn 2reory TETTE YN
IEMPLAATYRES PSVCHAOMETERS MLSBTANCE BULASH ' ! !
1 CoRmEoE  MoaTH y = DEPTo 15 TAS SRS 100 7T US NS WSISS Jib 200,270 nir 100 78 wv nwns The %S
€ Cormoon " e T4 {5 M0 730 757IR0 1D 108 (16 L8 bAO LIS 425 oo oir sav iob i ui s £ RV DY
€1 cornoom T 20 1751 R0 100 T1a 175010 505 m 50 01D {0 435030007 000 80m 800 200 2ot Boo VXS VI8
o conrmon v Do e Morse 775725710 %0 1921% 130 US 1D (W0 55 lree ms mr ren Vo cor pon EESC
€1 consmon - rof g2, M‘J"ﬂﬁ"rlbiu‘ !55 170 £35 §25.820 gao aee s15 82 e UT AL
8 CORBIOR r Yo o}152 50707 710 BT 1S40 1S, 110410 45575 o#7 wew PEEN i PR T
€7 AMBEST DOT - ,; &
Pyt r
20 AMBIENT DBT JOUTM WALL OF #X5T WG I 7153 STrL 00,700 DO 11
CLAAMBIENT #8T SOUTE WALL OF WEST W3NG - 10T eI BRUS 175 I20 S 1» s o,‘ syyns b Lavim e s
. e -
: Rt : -
e - - - - -
.~ m e e & ._‘
PICARULTLLS MEACYRT B 18 TREPNORETER R
ons B 5 oge Fro P1o 24,035 tio o, m s me, 5 Ty VT i F ey e e weet AP W
- 196100 1.u AL R0 1S WF, ¥ LSECaa L2S sew s,
, Fto £ro tar 13r ERIS 1O uc.r.s 10,748 775 770 1o
’ Me Jte IAr 704 WD T09 SL240 (Y0 /5 LS o fera jos el il -
’ fio, foo g3 112 L3 e wrlone a q._:- Py
- uc S eo. e DY 135 b TASHESLLS4TT 685 wolirg nas, irr isy
’ £ 73000 TN 330 TS IMS L1410 (15 85 615 425 0r s o v m- - s
€0 AMPINT W8T MORTR waLL OF VEST WING ’ £Fo_dxe. nuu-m_uuﬁ.wmu»up m‘,na TN 0w e 15 A S lve e e
S SO RSN R S - .-
J—— - .- RPN : 4
T Ayt 18 TEMPERATYSE r e Me|rie Me e m.ns_zf.u”m.hz.us.us.mmaur Ao sl ule LAw seuYe (R340 YN
wE3 2VLD TEMPERATYS: v jHritelne Be TG US Lo st A it S0 110 Gae
LrPEIvE TourtaaTAL [ ) L m._’u.u,_m 0% 5116 c 3 CLr A5 (S ah lararases won vre carprs B8 BE o8
Sreanc voivg ny 29 m ne M 210 Lﬂ-l.rl‘l BT n"r:srp’n:l«, 28 28 Gy 38 we B BY D6
wwasy sano o o, ool e Y
mriren Tactaatonc y Yreescrte r1e nsros 190 110 30 13RS tom s R Rl T A
UL HULS TEMPERATOSE. I 750,°25] 11’4.#: 295757130 Tao 220, 110 635,610,650 §15 ..-. o sao\lin are b s oraliis (54 154 o1
CHIICIIE TEMPERATID a et 1y unu?n 330 F30T7e (06 8 M0 Mo pea a0 MANY TISC
prommeT RO DAY ING B wa'ird s we st 00 ar g pyae 13
ozt 810 B e Tl ,—..,-,...,-.va,,.. ente
[ S -
f
e

f
o 239, z’o;.‘y X 2N nl! ns 13501 01 M u;uv ua lgs
LN .ué Hew [C

errias nbunuv-l«rm ety (25t 4o

1Y 1l el e 0t e meiyrine re ke A

vt 8 M_N_N.v #

wip el -
-

£ o5 oshe ore s0se oo mte sute 0 SHI |
e .‘V'H 2 22w rde 22e PIv Ide L3O 10% oY w3 a-r.v Y Y
¢l Tn Temmes .JQ 1' "—L" e 4 - ~ < -

; . - T F A <

[3 . B e i N

. .- - . L 1. - = -

N - P 1o o L.

P, . - D a e -

- 1

LAV ENALT 61 S5 asr % Des SR BAT BT 441 S0 Bie AU AN AN BN AN R BAV0A7 2DV IS

——— .

PR . - E
PO boe- s
. - . -4
. . N
i
. - .
Cam - e are
. € - ae e

LRGN AL AN E A AR AL 1AL




O,
LA e

Ry

:,

o
N,
;_i

, e . (S9N -
AL id tuwaasrs or o3 \ui2ae Senmmmvian Fsr -~ o+ 7
{,& Srorens Rersemce Hore o = S
o] Swemer haass = i Dare Cev¥o
- 107 p——
o A T om0 s AR g sean o . ane
PGS OF TICUMTIN S8 ot M Y ap 2 Fh T B0 SN Th O Te T4 T is Cyg tgs Lea Cge Coa Sga Cog 3 - JL
SeOITEN Eutacy npeTs — - e
ABOLI" o COUPENT AND oase .
el ore T e Gt st A AR 3 Lobec oSS s e A e e € 3D
IRPUT (FSu POSER MLTERS atema ST XS MTIT R BT NS WMo N5 NS KA Ud W W FIE W 2w Mo ras PE I A Yty TTT
Tt 3% %8 EI 5N LT 2T 111 P37 32T ST LT Un 1T AP an AP ASA Ws AP UL wet 10
- Tama
M ararer nE e as e dsre GRS LR &L e
P stenn .
tald satena f10 AT IY TN Ta 4 (% BB AN Y N e s LD 4T ok e 00 sa v vk T}
IOTAL SUELTER £re0ET IIVT atema (772 T3 14 00 100 NI NINATL U INTTII 0 " vorra momc o 7 e s v 10
4 PivcusomeTEss M
Leprerete o oo woate be1 o i TEHE e o WEIE NOKS 1S 1o Vow 155 1S58 mo 2s0 roe ;e e sre ;
prponitrongtingied e i T sE e sas vey SooIeS £ 1 % e e
€4 conntoon - souTH waY v HEE Te e (15 (17016 415 To 4% L0015 GAL GoFae e e
€ Coamioon CERTER LT w1000 trrecs e SN AL 6 K28 IS IS ERTEAY 12e £25 400 bee e
LOPRI0R CENTER W8T r Hf'“!'“l AT LL0 (50 L33 (45 SV etk 4SS IO LS eSS sew ars A
€1 AMBMAT DOT - BOBTH #ALL OF ST ¥ING v el (s e e 8 15 Ao TS g BE e B L0s ser wir -
€8 AMBEAT ¥BT WORTM WALL OF wEST 4G ’ 5'10 TSI ILCYIC OFe TAD FIO K10 54, FI5 548 ST S8 wo WS gin Mo ny st wed ow
C% AMBIENT OBT SOWTE VALL OF NEST WING. P ur Tee 18 TACTET T INS 168 WS TITUC 1D LA oTw 470 otv uvr 405 40a 40w atn feo
CIPAMPMAT 43T SOVTH WALL OF WEST PG T o000 2 B30 EATE XTDS L. L0 V3TV T fih e Bo aer
cacvey sun . -
ntn ot P T T TR R T L o P LR R NN
1 $9570r0 k35 LIF AR [te £RC LEL WAE idu crBure Y o aFw ass
.- fac vie V< Ve PC 200 My x He WS BS po. 15 250 e an
r A8 (He 43 W0 SACOIN 4uS & 3 428 [ 3,47F 433 (4F 0 b 425 sav
. D R N Y N TR L TP PN e
- (fe_tfe &0 LAF CIT 600 CEL (65 VS (n 620 o ofa P a%F s
. U957 490 {1c P20 T %o Tep T 120 UL e o biT e
r $70. 570 S5 T0 540 $65529 Tho S0 AT Ve T3 510 Git 515 e WO P bav pon AT e ek ar
r QIR TRETRLATRTAIER CRITEILE T Wt Ty L e - v a e (0 xs TRS
v Pstrie it cas ieg iR 6T (S WS L1 It Gab 539 3 e r en £ wes ans erv $1€ axs GAS
S ELT Ll LT W20 LONeRG AEVER wr 3017 408 iCT afTaxe 4ro oaP 470 doy quwts v s L2 il wle
WS IN e I DL B8 e (36 & V38 [AS IS NT wr o Bt ag wy av wf A G0 (30
G Y PR L L TR Raduaie i R e P T LN LT
WMELIEE DAY RIS TEMPEARoaL r SV 0e T2o e S 00 P S SIC QSRS Fe0 fuf Soe mrc b 26 WS g rie s St 007 B2
K3 $tan TPERATERE 1 ET TG0 66 (T IC0 o0 o5h ¢35 V55 35 LS5 S LIF 48 ase b o172 s 2k HE we HEBE OTT
EFFECCTIVE TEMPERATIAL - ‘ﬂ’:ﬂ'm Tor 32 DL DY WL DL 126 M0 g sre na 2o ne nare 17 1T IS0
vt ona VS P I R e R S e R e e Risd
M 2L l-l?hwmﬂ\q.a«lm R g R N PR A AT VN VT R §
e
- SR L P B N L A YEL A PRI R T L R S DTN - g
wiamas svstay  wmRvELOCTY rn
" iy € Ne 2 € e K T D wat KD Sk ' ek ek ot 3 ek et wenom = &
soor corv PIT E4% 1ML LM 0tve £ 07 69071 v01 OTK 1L L INEAOALTOIN 050 bae S B0k 6575 898 sty 20 0507 G 026
pratatend ORI wrw h PR NG RO P B hE Se 48 €1 QRN AENT 23 P 4F i FO v a7 4m Y 7f T8
D DIRECTION & BF 8 £ F NE i w8 05 ki K& AE AE o€ of o6 ol w4 S of W uF
SIS VELOCITY LTATLON W BSCOPE) -rn 0 W 6 & o xe € LD e b I © e
e Tigw ware o 1w G B0 THE £90 B0 Lot 5 ot 51 1000 BUIE L 10 KGR e o P P w699 00 Jacn e S1a £200
APMICR OF % IKG0RS ACTAG AS IMLETS. KAST wavDows ¢ e e ne a0 M Ne auis IV sy Ae W e ge e aE g ae A e
>n RoOes tT ot~ - —__‘.5~'c/_,,~._::_ o
o A s - - - -
H -
’ - -
TORAEINIMII FicTon e ka1 W T T e T Y T T L
H .
!
3 ,
[
.~ t
!
i
v Sowmeats 106G Bota PEFOINL race. N
s ; -
)

Y]

O R ST S

o -?'\\'\" 5- AT TN

c8




Uavarsrmry or Liwes
Svovews Reveeuce Moo

Conmae fy ves

Narane Venricavon
LT Occoranvs

Tesr

Tisr &

Dure

5 _&

LI

HOL ¢
fone on Lo T 122 T9s e 74u Foen o v e THon K 2 s s W UXT Cea e OB P s O
! Loty

COMTREYS I
T

it or yeowtiry

0y
METABOLK + EAIPMENT AND 1KHTING LOADS
POALA MATER SEADIMS
MUY (FAGM POMER METER)

watte wswEo AT

IoTAL SuEiTee ergauy vt

PACHRMETERS MESISTANCE 3TLIS)
€ comaimm

<

o

c

P

o

<

<

<

Temreaarvaes

AMBIEAT 43T SOUTK WALL OF $EST ¥InG

CHBOMETERS (MERELRY BULE ToERMOMETENS
ey

AUPEAT 4RT ACETH wALL OF WEST WDNG

avesaces
AMBIEAT LA\ ALLS TEMPERATURE
»210u1s TCMPLIATORE
€OrRcTIvE TeasTeATO RS
SPLCTK vOrtME
oty ka0

MY RO TOMPERATURE
» TEMPEAATOAG
LFLCTvE TEmIHA TG
SPLCIC VoL UMK
vy e TR

sreren

TS
AT ReC Tin

ACntmn worea

e 3
bty w
PIRLINN
| e i1aios anoncons)

Neare e nes erng CT arvooes

TOACEARAEY P ot

6 boox peTEIEWE
seanc

sevrona
MaTO MR
1
eam
srons
asTUMR

PRI

’
r10ie,,
oare

ey T !
twe w3 k21 17,
W I TSR

515 317 309,007
5095 Mo 5

+0->
RN
SRRITRIR

IR Ta Td

5 T, 795,
CEO I TE a2

ek

—

B I U e
s s ka0l |
Qe 2 [
Ry lpatar

g At oy,

E et

165 12 48l
€ itk SE,

a0 % AR 035,
53 57 £9 ok
4E Exf EaF (AF
R S

210 mevend

frai
+
;

i te nnr b

e Ti 7 e

€ - e




Usiensmy or leemos

Nuroeae  fenrcavion “as -z 5 L
- 1 Oucomrnrs ‘ -
Cucoeo
- —_ HoL . - P
06 oo ek iy K Tne me vhe e e e 3w s s ok e e ave
s or Tegea L TR A N T T PP leses 60w o4 m 7
SNELTER ChRRLY PUTS N —-
SENMES ML CAIPMENT 420 TG 10008 PRI R s
ACTLAL  POAER WATLA RE/ Ko >3 A an‘wlun Mg INY 3123 IENDIST ek v R T R N LTI PO PP N AT
INPFUT (ROM POw ._‘m, Marun §TE TV NS MU WS 191 W2 10188 s, 4y m rew 7rr e pre Boo T0N G o) g Tes, 177
WATER  DESBEO LT tena {310 3T0 WI 311999312 353 IR ITR IV ey HY WA vay s RS Sy MY W LTIty 1 Ioes er
aCTuAL T teme | Me 5B 300 IS US I RS Tip v +rs  a As 2% srem S 3E K2 T G tee T
ey srons p R ~ _ "o
weream pI 6 IS Vo 15 185 15 IS T IS9 © F € 45 o6 4, 4f ia k¥ 4T ‘" "
IoTAL BLTER SaERCY MpuT satuna 4l AT G 0S SaoTIR HIAUS VMET a5 e B ses i res ey TS L 7
IEMPERATIAES  PSYCHRUMETERS GESHTANCE BULKS) .
&1 conmoen . e e TS Ko S TS MO WO WS 0 8 h e i s uese ses Pl mEIIE =t T -
e ¥ 450 Wby NS IS 5T LIS NS WSS WD LS« T e Je U f3p nr me AISAry RS0 87
o , YL N0 BAo 550 ¥y NS5 A K50 4NS #35 A 9k b i P k. see M4 WE TS WL o0
o M ETH1e €% T T TU TS D TS T0e a. 4 0 ar ses 686 L2 ere GEVUTC B EUT Gc
- ’ O NSS BSL (o 845 G5 045 2ol KO As aey &0 Aae Pro 3E BRE FUL 7O 0 t
o , (o€ 650 Lol L0 LIL WO LLE LTS 475 440 en £ <o 4« iP5 ear Bw asg 4Af 670 670 LTC LT 4F {
cr M 77 LYW IS 1S o0 %S Do a5 Vs O E ke e s 470605 NS Ko e W - ,
< F L W00 e w5 (285 W T W5 Lip v s e Ko canare STesIr Ty UIE L2640, |
o P LT T RS 210 rue Tew 35 10 T3S as - Y6 ar s ireies WR oS TY K ST TEEVEC N
CIIAMBENT WBT $O0TH watt OF MEST WinG £ QT O oTu euy <SOMNS U9S bhe LTS0 € T ame s if wee s fer SKES1C grEise A CRLE :
xtscony Bucn - - -
r fRe T e s M 100 05 S 15 tew rwse b5 e e e 8 et 31e D 130 We PrTAE
r [Tl T en eRs (N 433 dis oT5 Gru er nu s & e w0 ave sse ige i1a Wi e CrTATS
M e R4 103 T10 35 105 650 440 626 me 0ve Ac sis Soe Mn my sor for Tow fou Pt Trs V94
M CCLe -t e L TDUIS (pu UTE Mo s mu s e we B8 4 ree T Tee e e iFe Tie
F EMEne T aC B b6V £7C IS (s sl ber s sre v ae agy Jre Bry G5 Tre 13y pre
P flr LT 76 S 30 205 120 Jan e en 1 m ee ge A e it &re sio ire tor
v [77eTH Tel o e WS 765920 MK 228 w2 i n we i b ske wre a0 ite T30 fe Tre pir
GO AMBULNT BT AONTH WALL CF WEST WING r THelec (U5 u v Lo oo $IP ¢8I LuSC s s o T e SPe gre 16 3TT £T0 ST tre (e UF G
AMBINT DAY BULS TEMPER UFL ’ e 700 100 S JL MS TS 195 Thy RS 220 ov 7w 140 cre cae atr cra S 0e BT Yo No W0 T35
WET BULS TIMPERATLAE ¥ 2IF T O3S S V0 L35 (IS LN LI LAS o S el she  u wed P saw 505 STo TS0 WG D¢ FALR IS 77
EFPECTIVE TEMMOATLE L S R I S I I R PP R R PP I TR LB L IR
PECITC YOLLME rrian, BT 0T ONE 00 M3 AT 3T M3T 0 s b di a8 B ur e OF OF WE DT BPT e
oMY BATIO " PMLES S0 LA DU 0e%D MUS Sy T) AW sary w0t ws o o oD s T NNT BT OV DN (tIm
SNELTER  DRTRULE TOMPERATIAE ¥ 5 TETAIS 1A e B39 540 (30 130 $Y0 €40 40 495 i 0r0 117 ses mae TS TR0 I Q0 BT 1IS
WET BLLS TEMPIRATURL ¥ bov 08 et bTL bTECLS LLC Wil 450 4TS 706 o+ 7o ¥ me wre ma e Y OTF 600 75 4LS e 615
CHECTIVE TEVPIRATE p LT SIS T Ted Ba B Ten 8 v s tr me e ae A8 e K4 5875e 150 He 157
SreCrat vorue pidima [OF 0T 1 NI N % 34 MO 9 ee e ses mee 1 e ew 3IM G111 08 OF /38
el P R P Py e Y A B s AL S
e, N 5 <
WEATNUR BLREAL  wiD VELOCITT o 4 8312333 42 45 38 49 iy h n oo 13 ov 00 fs ﬂ. co < »-l,./ Ia vl N0
oD RLCTIN E3E e € pEDEE E € se - S e
aoce COUNTEN SLADDG L cutnrs ~““1 T ART AN AN 3V AN VIR M vy (e sam e PN D s R KM AT TK O ST
SO VELOCITY 4 m Many M e W le BT SNST 13 63 vy 3% 240 v L €0 24 26 AR V) 14 4o b7 2N &2
RN MOLCTRI 'Ili ErE LaF £k F_ e AL[-E B € &8 nE uer 5 s — 3TV F3W T SYu S
ATNOVELOCITY FTAYLOR winDSC PE. w L r " [ LI PP ¥ 37 4
L
v IR Gace, THODGS SH I 36 10 e g i M9e s Tese sem S T Teve ST TN TN SYI0
AUMIEN CF xv00ms ACTING A1 I E1H St RGN 2w ac deEv gy owoad T e mw s = - o Ao -
P S - e v 1 27 71 7
B v crem ek oo O 0V 0B 0N N s I QP W T e B AB 4 esd, v eif sip N eds €33 O3 4% e
& .
3
Y !

‘y,

s

L 42

-,
) .
N
vy '
- -
g :
Lo
. -
commgurs 10 woom BETISENCE ey
wemer {

Cem . g s
Gom o

ER N

Cl0

CAR VLI AN

Y\l A, “'\-" ._J- J\ \J' .-

\_s'u_,&_\ ,J,J‘_ \;\\\\\'\(




Lnman~r 06 homes

Cl1

RGP AR A A AR Oh

Aam eac vewriamon isT —
Zeaoence Hao e xS s _fv.
wem L Occvmans I
cmcmes aiaos P
_He_ N
issc 1303 Thm tr0e 100 e (o8 Voo e B2 k@ Bk S0 0100 st arw oy atss mime Trre SO v 1000 U Lyh
YT P O N P R O S P M N N N
SeE_Yee 43R LTy .
TESACT  METASDIIC LubIPMENT AND LIGHTING 10ADS wstonn | 755 s
ACTLAL  POALE M) TEN BEROIG 1 1399 1512 s 022 ENASenAFenS IS ACEITL P08 978 Whe sms a v corBom s M bn 4 e23nke 22
(APLT (FACM POSIE METER} waroaa (77728 T UD The 11T 17 110 W] 116 ™7e 270 s, vre 1rs sa0 me R o 22~ T WIS T 770
aATE sespER BT Lamn 180T W7 40T 416 ¥AT 4 ¢ 0T WL U0l 935 092 g M4 43T N8 8 B S FE AL I Yie We
€TvaL BT isan arr 310 FIOMAS /5 ¥I0 HIU D D ML Yae VT te. Pd I ws i PEINE Jes Mo Lo S Yo Yoo
enmnaury o % L. yoe
nrot R P T TR U TR R N R AT R L
JOTAL RUELTER Fxency T aatona TP 740193 L MTTEI I UATLIUoos 700 e rae M7 107 rre TS WS TV 2395782 0 TG The
IEMPEAATURES  PSYCHACMLTLRS GESISTANCE $0105)
- ~oaT: ¥ BRI oMo B MS E30£35 135 K35 0o ass e1s a3 s 2y Are e MG RS AS S Lt SIS
ARTH wsT I 10 LET L85 LD W B P T AN e T T
pra e r Do o IRS phv T¥0 G B1e ba s b #F Gre 40 s X b P 635
ouTH aBT ¥ CITUZ5 YO WL K5 (kS T8 125 10 79, #u ofr oav cas Me or 625 0 oty 085 Ter T - W15 62T
covin et r ASTIS0 530S (1L (TL §75 1L Y10 NKS 855 Mo 4s ses bus bas BoF 875 de 245 018 (1S K52 BT
< centea wnt ;o AT ero 608 LTS ue W3S 130 130700 750 1o ars ére me res b 20 TS 1.6 12 WS Uo
€7 AMBUNT DBT NONTH wALL CF WEST WG r Hie $20 K35 V0 §SC 135 Boe WS 115010 s7e 200 Wesr Al w308 rey e TG TTe Yuv o 115 EX
€O AMBENT ABT NORTH wALL OF 4EST wING r 637 690 (O CTD LS5 S0 LG8 b0 4b0 wiS i are (35 6% 4g5 (¥TLTEESS
Co AMNENT 0BT SOUTH wALL CF MEST WING ¥ SN WS EICGS FS TSNS TIS TS . e e Ax e we s 48 Ta 735 755 US w16 £39
CIOAMBENT 4BT SOUTM WALL CF WEST wing BT TS LI AT L5 60 LES LS eTu ne S et fer e otk LurE Gf La ST 4TF 048 AL Y 615
? .-
PETAUBOMETIRS MEBCLRT YLD THIDMAMETLYS) i — - - —_—
<1 comrinor norT 5 eI 4D € b5 LS G15 1S £\ a3 avc aen ses $es b5 Eon ar ie aas T vl L0
o cormiDs watn var v FaTae obs s e Lre TS 25 720 745 ne b v s wS 5 r_ses
G} COMPIDOR  GENTER M1 r ®a Trr g Fup T WS Hiu Sig 35 a0e ot a75 678
e Ccartooa CENTER waT r FH' e 015415 €45 T8 uw T35 230 Tsgire P
G CCARIOON SOUTH AT e Ire K6D VS wau PPe 450 iS5 ns dssese
o CCRADOR SOUTH WAT ¥ TS Re b5 100 (Yo 708 735 N5 200 juy i rE e T W Tasges
41 AMBANT DAT NCRTH waLL OF WEST WING ’ s Fee §ip Mo é¥e goo M WO 170 765 20 o HE 5L 166 20 25 edS
T ant NowTH WAL CF wEST vivG e B s G000 ore Lgaise 65D ki T aT o0 @26 020 srslive i rsane 0w Y TG
. . i
Amn wT s TewreaaTtar I3 Ve £20 $30 15 KLU §uS §00 RS TIT 170 770 1o Ay N meyvs 2d s 33§ J70 255 400 15 P30 7057
13 TemrERATCRL 1§50 (0akbs KD LTO IR LTS, CI0 GINGTS ot ks (o o0 e bue ioe eve bve ofS LS5 (hC 075473 GG0
FIVE TEMPERATLIL v L My 298 Y TISL IS0 D) 1372 22] 22 ma Mo 2 e mromey s AT Pt Tie e MWrIsy Ty
ortue eriine (BT BE A B0V, D BT YT 0s sp ar wr arlyr urerm 518 3y nt ot
PAMIDITT ATIO 15, iibe, [PEME W17 T 006 rie T ST TS BT s vu? ms S wt st mes T aE O3, wes ] O SR
SKELTCR ey BLLK TEMPLRATLIE ¢ lrco 1o 050 456 45 5TUS 155 (5D K0 M5 0es 515 450 005 bex weg M5 VS B3C 535 040 SSS IS5 €D
WETBUSB TUMPERATURL P RFY UCatr S eTo VIS TIS 1A ]'t.o TE> 2T (5 e res me e AL We PO Jeo Top 6TV 7S To8 700
X4 K T Y %R 17y 723 TR pes Xz V3 rre g7 63 225 'nf ¥ 74k e e Y 774
FRCTIVE TENPERATLM v ¥
;:xun"olvu ” rrins. |14 A4 e 1Y% e wo e MG e N: [08 104 Mo tte (4a i0n Tren e o ME Mo A H0 e R
HNDITY RATIO 13, 18, | W el miis 5 Vot WIS Wi Y5 wm S w2 s atr mas? ST et mirh -w,-..v,_w,fm,m ANE w esai?
' -
e
T weaTweB siakau w0 vElOGITY P l\ H6 NS Ny ya 12 352335 se ez n> 55 u §8 5% 58 9L 4% RE T2 12 93 12 74
oD s ECTION s wh S 5005 Gw 50 5 3E € S SE 5 3 e S W0 W e S A
noor CoUNTLN BLaTIvG mm-nvm “rtr 4ty ansuxnmun TR I PTius e SHCOTIAI N gy puitanar 31 81 20 I Ow G4t
wOVELOCHT @ 8 ATV ew [T ALY Y6 3T 43 33 4c 3 Me 73 55 60 5144 2 4T 43 ek £6 K £F
IS0 AREC TR Sw S5V E ez =5 S SSe S B S S rew WS wawwaw KW
NG VELOCITY (TAYLER WINDSCCPT) e i7 Iy 7 '. 1 AT A R A P |
b -
A riow mAT. v LTHO M1 a0 RETE SR E 16 T 4N < Tee g THE Ghuw FHen OMa 3 Side Kow sabe 3% afes € ) E4NeTRT0e 6030
SEMBED OF 4INDA®S ACTNG A3 MIETS st empows P O T I L I SR,
aw winoows, - .= = - - e e = - e s s a0
= winoows 717 71 = - P BT I
v .
. - - .
CreECIvEMESF w5 P e BAT % YD 0ur $Se 04Y G TTE W U6 G0 % 038 810 0se nix szr aar asF NI 9 i@ 47005
i
comvente e,
wamer r




UnvazaTr or lecmo .
Evusesw Resvemce Hao
Ceemco nians

IVATIRAC ENTLATION  EsT
AT Occvman—s

T Tisis of vecw s

e cuie e ctuc exc e toe ek rec rve oive e et du Hee woee 306 oo e e eus e ene ewe AVE
a2 L Sk vg Co YO o T TUTL TL TL a¢ s A s AL TC

1
SAED  METABOLIC + EQUIPMENT AND LILHTING LOADS
ACTLAL  POMER METER READING
INPUT (FROM POWER METER)

waTis ofsmED BPUT
ACTUAL InILT
EaTusiey
meur

Iorar seeten rag

TEMPEAATLAES  PSYCHRUMETERS BESSTAMCE BLeBs)
€ v
e “entn aeT
s south oA
< SOLTR whT
b caetin At
<6 CumbmLA cEMTER BT
e NORTH WALL OF WEST WING
<o B TH VAL OF WEST winG

e SCUTH WALL OF WEST WING
CLOAMREAT 4BT SOUTH WALL GF WEST wING

PSYCHD METEES MERCKRY BULE THENMOMETENS)
Gi Coskiun NORTH DRT

GI CONMIIUR MCATH #3T

G CoRMmOM  CENTEX DB

Gt Cumdiam CENTIR wT

ot coarim scuTH DRT

o COMBN SUTH waT

G AMINT (8T NORTH wALL CF WESY WinG
©8 AMBILUT wBT MORTH WALL CF WEST wInG

axensces
AMMENT  URY BULB TEMPIAATLRL

HUM PTIY BATIO

£1TEN MY BULS TEMPLAATORE
SETBUK TEMPEIATLRL
EFFECTIVE TEMPIRATUNL
SPECUIC VoL OME
WM TY BaTO

WEATHER BUREAL  aEND VELOCHT
weno panECTION

Marums M3

Ko
MrtoTe

ey
1w
sreas
wrTo e

meTon

T

r
i

.
512 1n,,
[Tt

e

- _ Te5

BACICC ) DITIA L IS S3aB I8 o AT YIFMALY VVISTEHISVIINIR Wy a5 RS | e ar

TEE K TIOT S sae VST rore rro vgd e TRE TN Tie 767 BV WS IT A g ha YA KT a7

[

W74 5 T ML AT wy b Mo Een SIS SIS TS S N - MY WM - o r s

!vrr 475 2 AN 440 I vTe e seg 476 STUNIS 9IS HS =~ MO SIFSTe wrT o SN viT WS
sce

;/.-n 7T 8 17w e sa 4% a2 1R 2c 1936 = - 26 w33 11320 2c . i

h

{776 701 77 1Mo 002 M27ms r60 78 503 T3 WV WY 1T — — 1o %y ™, LTI 7T Tl

VSHETSC S Fad Al w5 e mrs aee VES IS (0o 0o F1S 110 05 14D T W14 TT g 10 0

R R L e I ]
ST PO MTG e 1,0 A S ses 970 40D 390 Ve s PO 90 TS 9T RS, TeL 160 AsC vrc €
MO 770 TS UWE e To vo 53807k NS 10 S M S NS WEF 0 e Mok ¢ e v 2 -
ST5 UG Tuu €75 M2 00 Aks 995 %y 955 T2 a0 IS 40 M40 QS NE oot S L AF 1, N0
?7 CIEC TG e S vws » rae 775 A TL TS 10 S RS (W v SIS G5 sTe v C af et
%o T, CICMT 8 Koo a1y 1 v 930 RO RILANL 415 VS B0 RS SO Fre 110 fo vor 2L 05
LTIV BT e Mg sx rse mes TES Wu I6 VSSIES WS Mp Wb To_TNE Me 7o 21 E Tt
I T T O B3 1o dw. AP ven US Tai 15 0 Gu B1S yio koo 0 YIS DS P e f C o Ige

JHE NE TR0 s 1 M0 ek e sev2S TISTHS WU THS TIO TS KS % 7wl Yo 150 e 0 175

S5 VA5 7 TU00 &s Fyp 47 430 s8e O Mo S FPO GES §10 PR fr WO £35rec Tro P S
¢TI Tac vn me B s ae ssc TS TS ee Ph S 750 7705w n xir 7 7t 2 Irrsee
s 1962 o TXS 2 vee e TR £ U0, 438 S5 HTE FID VS0 e e e o fse
FEE WS a8 a 46 41€ 4 015 Fie TI0 § o $16 6 760 52 4SO 7ix iz Tre Y fre?
$50c o5 a Do o 115 cs avaote €95 93590 VLS Gut, $0 KXo WS L_C £3r “7e P15 gig T
TRE e e 5T Me T5 s 7o s 115 fau T T 110 Mo 75 449 Mo Pew TP 0 The UM I teo
ST e T HE S foare oo mes 120 90 1o WS M 678 605 50 T it s Fre W § ¢ 706
S TTT _BE e s 0 5 sey 276 296 70 N0 HD 235 730 230 e Mo T 776 UE “pe e

IS W N @ge Jog 4t ot s WS R0 430935 LS IS OF Hp g e pasr g e pey
TECHES T T 0L e e M s K& 108 T8 TuS HSITS TS0 I5D 150 o e Tro P 10 100 IS
TSe B NI Ul ok 8 e s 265 VS E20s3s 222 13 Fod s e T8 103 TSI R WS 792
BT 09 TS e 4wz wases w3 MR IIND AN L NG Ay e e s 34 B9 ied

S e e R N L T P e Y

TR € arc g7 st er et DS §cu 1S 105 WS NS SIS S10 S0 U5 e T WU B0
TISHSZTITT TN Mg 0o 7o 10 T 745 795 WS 0 1S M0 1 SRS YAS 41T HE T VAT Jos”
lr1".,l)ll)r.'lr T3 025 ey w2p PIVILTOID B3T 437 §21 673 01 AL 074 §g 00~ S, P S HS ws7
Yo M3 v w3 72 SASres Cr ¥IMIITD N MY ND 19 WY NS ieg My iy ky g N9 YR
T e L A o B Y Y P L DR NASAG A AP A

£o 43 15 N5 B mo 8y eSS 9112 61 5% 5 ,: SV 58 y204 4L 6 B
3 5w sw 5 S SWE) SdSW Sw Sow Wy adse S5 N dw Gow =

roor CUnTER BLATL R & coints [P0 Mom £ € a5 2a 1150 1 O Fo v MO0 Ry G2 UFE A TN PN 5 7 asg EWEIN DTS
WD VELOCHT 04 A b S e U 78 (3 L el T ek a5 e ar 5F e we LT
witG o BECTION LS e sSWstw -’(x-l:h S8 g3 53w SW S SW O STWWSW Wiy S W SSW Sia S N s .
#0N0 VELUCITY (TAVLCR winDSCCPE) i [ B e A T . - A R A T LY —
i
H _
A Fiow aaTE CEM M Y pbes B W € o ar U jnse fase afs 4128 SToJyee ¥iko = =  f3 M6 10 g 3> v Phe 38
.
N MRER OF WInuORS AC TP A3 NCETS AT wrnoons .- - - - - - - = - -
v winooms i A o - - z
sw wnoows . ' L
eIV pacten ¥ b e . R R R T R PP RTINS WY R N L R A ]
¢
I
.
t
OC ROOK TLPLREWL raca . -
« racs N s " ey, w oa
TR
€ - acoan
a R .~ e - T
h‘.‘-!‘-'"-"\‘* _p ;..fr{. \*'\\-’h‘-‘\-\‘-!,'\, ’5’ "\,\’1'\-’\_ v J‘_V' &, ‘{‘;_f“.\.ﬂ\-ﬁ,\' IS




<]

LS

TN

Us szsvr or

Leiven~ Jeasemie

[

Hace

Navaac vewriaron “esr

AT Ocevmanrs 12
neAed el ass
2908 e s E A U A
S0ty - b ten G o ra TH T T 350 T e 7 2T e e YT
T P
TUETABGLIC » Bt PMENT AND £ IGHTING LOADS astune T s
POALE MLTER KEsDIN x. W s 809 s e are e s TISP NI 0 SOV e a1 03T Mestss W1 0 s ¢ 3nomy ik
INPUT (FRUM FORER METER) wstonn (o II e e Mo sy e nr ree T3 T TITMN 27V TOT e e e Tee 770 e T WA 7w
ertis orsmEo BRLT Lama (55 910 dhs tra a0t ere re Sox w19 RY 529475 Wi A4 S AL SWIE My w0 Mh 5 A5 s
vt e T R R R L
e O ed vo
nrot Matuma LT 70 /% v e 4w ve 9 (03121 204y ;4 PC AL so3p 20 L. e 1141 Lo
suncy neyT warosa TETTr rex e ves v rae ne w3 £ A TSE M7 MGTTI MO E THO w Uy Mo Mo M 11 W) e
PSYCHRCMETERS AESSTASCE BLLAS
< coans ¢ RS RS we me sve me ats s res 905 900 125 Ib §05 VK5 §12 00 FYc v1c SL5 ST Mo aTvase
¢ cormmn noatw war 3 b as s moi pir ser #ra ser HOEID 15 TO WS To $Z5HIS PISTo IAF Hut Mg ¥ L UT
| rerrn samn et F o FTS e ars mne g6 s sexose as §70 115 V0 TS (45 40T KIS CRO VI4 TOC W0 HETIS K CXT
cocrman soum ;o Lrevess e wr s pes Ms TS 10 WMo FD &y T 435 35 JISV RIS T 20 Tag TS
Prich CUATER AT s oM e e mewre e T8 05 fio IS 08 48 §0 FUTM 01 ten M1 S12TIC
G rernen cEaTER aat 7 [0 Baeses 25 oo 75 v s sre ve0 T00 140 TR0 TS VAS 46 §30 T95 Lp YLEAC M -
© AMMENT DAY NCATH 4ALLCF SEST miw M T P T Tie v RS AN 10 145 178 o B R AF vy B 00 ohs
€4 AMBINT 4T NOATH WALl CF MIST eI P R vr 45 a0 ves Ar 755 Teo 755 135 120 T8 745 930 I0g Wy WSS TIM0 WE T
C AMABAT ORI SOUTK wALL CF %EAT WING I3 TTe vre wa s #vc mev g mec #15 Veb 125 55 IYS 11U 715 770 75D 750 TXO TS I9e 120 TS5 I
CIPAMBIENT ABT St TH WAL CF wEST eI P fac Tecame se sy e ne e T3 M0 W2 IS ST TSNS IO BT 10
11 N N
¥ -
Pis PROMETINS MECIRY BULE TREAMUMETERS! O U
wnin o8 ¢ o e wr sre sk mre ms ms ws tas %us 555 59T bt freifop F25 T Tl e Vei o T A0
“n w s y BP0V e e hee e e e e wis 1 B2l VY TGo WS UT B35 fRrre t00 e Yec e e W
covtzn et 1 Do te we wr vee we srs we wer T0o WS Eee bns Tau T3 GICPIS Ga fa B Te Te V15 Mo
& T war v [0 s s v see a1e e re cre 1 KIS s ti5 Gie EITIS Fis Par iy T Vr Sir MO
s o ooer ¢ LU e are are ik ans dee me 7wt Yo §25075 7.5 F0u O VS o prr Ko Vs Tae be A,
oo e ¥ iTo er mr s me t s o e s 1S 770 770 by Suu KIS LLIE 410 qur T e Ire e Tre e 7o
G AMAL T ORT MONTH aALE OF 4EST 4G P DTt e mess s 4 we mc ave Bre O5 K3y N 7757 TI0 Jeo0 Ke Tt se Toa Tpe T 0
G AMBENT aB  oR-w war Cr wEs e P G S e ee ves Tee BE US 735 20730 740 TIS We Tt e € 55 Pemre? -
AMBIAT R BB TERPERATOME e e e s e peepir o s ave oS Yo P10 THS TT6 00, TIS IS SIS G o Te THe Mo JUS
“HT LD TEMPERATURE  fro e v e s el e L 110 115 110 130 720 715,10 a0 I USTBE ST T e 770
CPFRETIVE TAMTERATURS v P 1ra we s e mee s e are PY RN Y ST 7680 1Sa 19D Tee e T2 e Mens Nr 77/
SpEC I v uE 1 ia | @r re ee ste ver mo g wa ¥ HR RTINS A0 AT pg e B e e Be
e reom o v [+ e oM oen s st 520 i e AT Ul IS A 0SS A S b 8T STIS FIM,D b ATV G X ST
SEITIR DRYSULIS EMPENATURG ¥ b B Lo s s 2 min vee s Do UO RS VIO NS 100 S IIEPLE N TSN TN 015 e IS
ALTRLIR TEMTTRATORE i Divers sl s e we wsves e Su0 a0 1S S 208 [30 £2u §2STIC 10090 IS RCVIS Yo 410
serecTiG  wrLRaT B P AR R A R S R A S R s T Y]
rECTIC e 1V tnay | AV 204 20000 108 sax 1oy wi %3 4¥8 FE M2 UMD Y Y MM N3 g g Wy < I3 M3 Y3
Wma T BTy B A T R e e 4
o - s
T atian soviae wiaverocry v LTout S5 R0 43 93 g 5u uE |5 | 18 45 00 NS US ¢1 SH 5T 58 @ m ns //( 95
wint rEcTION ot S e ma S Aa S S S Sm ) Sw ke f38 F M ESESN B s
rocr o ntERpEA N & o counsa] % et o0 s s s STy oINS T AT A 0 1 b 01 017
RO VEICTT L AT h [ 1 ne sey ma 0 as Y B 0T 3wl LTSE TI_4343 "t s 7%
o pEcTIm M Seerw s Sw Sw e gu Sw S $Tw W Wew ME 24E SIESIE W s Wt S S St
MR AT rarice wadseren) W, n fam e & 4t w T R QIS 7 G R 2 3 4 x &y 7
ox rate ChM M 2o ime o sae ts sere secewIs TTua ek $5Ve aTo 1N (N3 S Mo et T 4 Bondfus 303 2726
v
NTMAFR ¥R 4 ACTING A% SLETS st arnouws LT - AN LA T PRVPRE VRS B 1
n winonas o I D S R S T
u e s N I P S - Y TN B S
. . ' -
FIEELTWESESSEACT S F o AN OR O ese bar0ae 017 Che SaT O ICA — Gw 0F LaBIFD 070 0N P €I 234 BN 0L LA
1 - -
cemverty ot ok nerEeEnE [ 2
sener ' —
PAPENN
€ - e one

\‘1."\.“'{"\}"‘, -_J\_J‘ -F“.)' R AN AT I AT A

S N VS A UATRTAT AT AT,

EAAANLSLS




Lavezs= or timo A
¥ Na=rae  evviaTion TesT

Sevoenm Reseune hacc DN
A Oeturans

Chewad  uaos

TS
it he o 11 tins 1 s 0w e TR G G Ok ppf

oxu Oere Otes 0% OF  dows

U e b g 6 e %s sre a1 IS T
404 935 £25 Aeo mev STT RuS VaT
e wome wre remr s we T e oo
WO gu as Ut i sss WA e sox K35 15 55

o 43 ar e 12e sfo e 175 TO WS
Yo sk e et ns we N KL BAC FTC
Seue s amf s 2 gesn s WETW T

soun waT
coaTEn 81

CenTER anT

€7 AMBIENT OBT AOBTH ANLLCF WEST VING
€4 AMBIERT BT MURTH wALL OT WEST wive
€ AMBANT taT SOLTM WALLCF WEST wiNu
CIRAMBIENT WBT SCLTH WAL T REST WG

Lty s ol i ~ Cru tee Cge o Con yue “ea JL_ Ty
[Ty
DES KRD  METABOLIC EQUIPMENY AND [LN1ING 10ADS PRI Sk T8
A1 PoVEN MATEXBEAC o O L 180 K015 %1 S tuns s 1k VDT o7 2
IRPLT (FROM PUAER METER) Matuma [TV ST RO Re Ko Rt ne nd T YT T -
WATER  DESUED WALY Py VLS W07 4of W IE 4 b alF Ve 43T WU Y55 4K
scrus nmcr ava N i r e vk Gy ws e S 49 ey yr
ENTH tey FITNUEE v
ot P S L L R A ] "
rorsy suszin scaoy et B R TR LET
. ToTsL s Ten pveny e !
- ACRTH OBT |YT Bk £ o 85 des #70 Ko gr5 240 KI5 KiC WS
S « ath war ¢ i w4t e as be s BT Gy
o soumn ot S e st mr e me s1% arr §95 85, €55
"

%)
PPN

H
N

q

'
1 [ - PR
] PSTCHRCMETERS (MERCLYY BULE THED MCMETERS) ; _
G coamn s wunTh BT v fue P
G Comimn AomIn waT [ Y R o R
US CCRMIDON CENTEM COT 5 B R RN
o4 CCHRIBCR s U1K DAT T el R R L -
O ECmaon sUTn waT HE O N L L R I A _
GF AMMIERT 0BT AORTH wALL OF ST ARG F T Y Y A N
U AMBIENT KAT NORTH WACL CF WEST Wi T e ef 08 s red vex we KT NG Ak
32 .
AMBIENT  EAY AULB TEMPEMATLIL P 25 rva sed HS 1S A¥S
WET BULR TEMPERATLAC L3 F-' ’ W me rre 195 Z»Y %8
errrcTive TEMiERATLL R I T N
seEcmic voiune 115 ine s 10w T8 N6 SN ser v see e 4O 1w
WMDY ReTI0 [l S PR VI
SELTER XY LN TEMPERAILNE 1 B s e cor e nrs o ar aot T K7 IS For
ET8LEa TEMPIRATLAL N e S U oo
EFFECTIVE TEMPERRTURE ¥ *rl LR R N N R TR AN AT r“, sty
SPECITIC Voi Lnx. L R R T N L LT e
ooty ATIO P O A vy e
WEATHER BUNEAL  wiND VELOCITY [ AL SR T MU IE TR A e
WInC DIRECTICS R R e T )
socr conrenntacng » T e
AIND VELOCITY 165 A *4a By MM Tt 3 Y Ky ge sca PA L0 AV A T o
WIND DINZCTIUN - $ 05 5 5 3w s Se ¥ Sw
#TNLVELOCITY (TAYILN WINDSMCPE} “H i‘ P AN VR S I Y
|
cavicw rate aw R Y foio
T *
NCMRER OF 1% 085 ACTING A8 ILETS Eact ansones a . e e e ==
“a winsoes M- B
W eNLwe T« 2 2 2 2 2 2 2 = 2 2

woFam 08 00 8 sx oo ba 60 Cw DM OIS

comvrnte 106 A ¥ mEsERDNCE [
wnmer '

W,
e }
L T T T AT AT S e L e

'~ - o

B
'



Usncersory or homos

Na~ eae Lenvicaron Tesm
Srurenm Resoence Moo po cavon Tas
ncmeo I ass L Occomanrs
B noL+_ -
T R Sty grint vy efior o MRS Ry g o R
[TEEY o DT Cea Cen (en Coc Cun Con Gra Con g an 3L i
[PRTTITTTS —
DESIED  METABOLIC + £LLIPMENT AND LIGHTING LOADS T S - 7S
ACTLAL  POAEA MLTER READE ™ PNLT T SITEREATI. ;s 0 var sser Nrs 2aes Wk TBe N B0V - 20
14AT 5 ROM POSKR METER) darumn oY Tl SNl M e we ne e mT AT rre Y Ton w0 7y
WATER  DESMED INPUT s (P55 % S ysr_~.s‘v..’ ISE 906 437 007 208 320 314 18 S WY KT
ACTUAL LT (3 |“TT AVeNIT AL AT ok us K6 saf vts Gpu sexter Nl WIT 4T PP
N TaTHaLEY sruae G e
not weTumn (47 A 7 U3 LY ca 49 48 18 v 4r 4y v (7117 4y ‘”
. i rotat wnrums TR TES 175N YN aes 2 %2 wa 207 vaw res me R M7 700
B
ki TEMPERATUIES  PSYGMACMETERS (ESKTANCE BUIRS) i
E PN I L o TR B 820 428 UL 110 fas
_ AT N 775 115 M5 se s o 195 sae P1a PPe 176 %37y vuf
O P SouTH AT r 555 K Yo VSU 140 03% aaf 08 M1y suv e 235 20 FIS My D
, €0 Coaston SOUTH et M Fm 10 UONT 5 176 275 324 120 125 rrgars 7o 2 Tor TR0 5
(< o Commlc A centER BT r LS Be 65 05 50 an e n see mre mr S Bs Bur 47765 -
[\ EnTER wat r IS NN v re aee a0 ais aes see e 115 Voo Tog 110
AT wALL OF WES? 21vG v R0 B RS S PR s e dee das 11 are NE RE 10 ME 505
Mo T waLL CF WEST wine P |TIO T T35 3 195 re rss sre v swe ree re s 23F g To WE .
1 SOUTH WALL OF WEST Witk ¢ Neto TXS $Y0 (a5 15 0 Bee w5 ree re'ns mr ne e gio
' CIOAMMIEAT 4B %K TH WAL CF wEST WING F o ITS TR TS Tuu T6 %€ MF Kow 708 3T rug 200 740 T TTISS -
X :f B e oo - '
4, -
IR TETRnMETCRS WircrY Bus TSI [ -
>, r FIOHIT Y74 Y70 GLS den are ska pee 2en aan 800 B1E I £ OGS
. M 7 Y R Y P R A I A e _
T B0S 005 i Gin Sufere are pe e rre rre sae ma i 10 S L.
, 10 5 2. oy . or v guslis . N
£ B T80 745 71 o g mslien T e
= o sl e 5 K
}_- GO AMMENT #3T NORTN WALLCF WEST Win F L 5 R e iy TSR TR Y 798708 '
b v - .
s At - -

b T aamat oavsue TeMrERATUE P R S s san
A wET BULD TEMPLZATLATZ r 710" 215 16 745 755906 no 75 100 ras 140 ras ur Py Jasise 750
S EFFECTIVE TEmMPERATLIE po I T T w s it 2o (L e . 77y |
- CIFIc vorLuE rrting, INI I N YU e ee jao ien sy 1% 1ay st ,,, gl ¢ e
f WUMIDITY WaTI> Lagiing §HAD o8 oy, AN 7 s 100 wke w4 wwd @ W T SAE], P WS, . d
SHELIER  CRY BULR TEMPIAATLIE ’ 515 £00 $18 95 X0 00w 070 805 550 sas 200 0er 2e5 u.—mvrn - - reo
{] WETBLLB TEMPIRATULAL r MO TS 76 10 185 des see 71e sro e e w8 TIS IS W0 - Tes_
J LIPECTIVE TEMPERATLIE , ! nf NGV P 0 &rr 420 015 on des rus 207 rnrid.hq’ , N
SEC 71 YOLLE PR LEACT T WO ey m}w a0 1t ! "
WUMIBITY NATID T L P R S ) .nr,‘n - o ang e N . Py
'
o '
WEATHER BLICAU  wIND VELOCITY o ‘n ©) 4y 5t 58 5B e vq Lt se SB35 v 58 €892 Lot ot
) WINO DIRECTRAN w0 s W S S G G N D, W ws,Lmu w \.h“w N
i .
q 2ocr CRTIN BEACING & 8 cornrs |7 GO TAG 43400 a3es0s3 47 Ot 0t g m5 i Io.'vn o ues
WINSVELOCITY 0% K% W) rn Y2 e 13 57,35 41 g5 1 g6 su 58 se n 52 'solea ! N 2
" wiD LR ECTIA iy w S R
1 #1N0 VELOCITY (TAYACH WINDSC PEV o ST { -
§ i '
1 A _riew mare i [0 St g L Saee Sare Tiow T £2w a8 $128 e T4 0 SOm 1 s
<
K 4 \LMBER CF WINCORS ACTING AS NiETS £asT amocus - - , R
& v wrooas 55 N -
M sx amoows - = PR,
A - . ' N
FITECININESX ErCTe b oam 280 = A1 2 E/7 0 010811 0,787 OB 15 A win 016,
SR ¥ f - 4
A 1S R
i - - o
.
L — :
. -
oY
»? i !
Ty
S8 . . R .
coumeste 106 Bork pErERENCE race 2y .
WRECT bl
.
! CPrmv B e
P ~ £ - /e ae

q Y LNy N

eI s

C15

,yv(,glu \".Vq"."f\"\ -r‘-r R .\-r‘ & L\f\_f\. -f.a‘l"'r\r.“r\*. xaY \‘v}\t\x




- DISTRIBUTION LIST

ADDRESSEE

 noaim o ooeies -

Assistant Director of Civil Defense (Research)
Office of Civil Defense

Office of the Secretary of the Army
Department of the Army

Washington, D.C. 20310

Defense Documentation Center
Cameron Station
Alexandria, Virginia

Army Library, Civil Defense Unit
The Pentagon
Washington, D.C. 20310

Stanford Research Institute
333 Ravenswood Avenue

Menlo Park, California
Attn: Mr. William L. White

U.S. Naval Radiological Defense Laboratory
San Francisco, California 94135 '
Attn: Mr. Paul E. Zigman

National Bureau of Standards
Washington, D.C. 20325
Attn: Mr. P. R. Achenbach

General American Research Division
Attn: Mr. G. Engholm

7449 North Natchez Avenue

Niles, Illinois 60648

Department of Mechanical Engineering
Attn: Prof. F. M. Flanigan
University of Florida

Gainesville, Florida

Guy B. Panerc, Inc.

Attn: Director of Research
468 Park Avenue South

New York 16, New York

IIT Research Institute
Attn: Dr. E. Sevin

10 West 35th Street
Chicago, Illinois 60616

ARSI S
A

S e et ter N e N W ‘.-A.‘v- A

LR

R T S

10




ADDRESSEE .~ NUMBER OF COPIES

Department of Mechanical Engineering 1
Pennsylvania State University

University Park, Pennsylvania

Attn: Prof. Elmer Queer

Department of Mechanical Engineering ' 1
Attn: Dr. E. E. Drucker

Syreacuse University

Syracuse, New York

Chief, Bureau of Yards and Docks 1
Office of Research (Code 7h)

Department of the Navy

Washington 25, D.C.

Division of Biology and Medicine S
Attn: Dr. C. L. Dunham i
U.S. Atomic Energy Commission

Washington, D.C. 20325 -

American Institutes for Research ; o 1l
Attn: Dr. James W. Altman

135 Bellefield Avenue

Pittsburgh, Pennsylvania

Hudson Institute 1l
Attn: Mr. R. A. Krupka

Quaker Ridge Road

Harmon-on-Hudson, New York




mo

e
P 3

‘.

N
o
-

UNCIASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security claseification of title, body of ab nust be entered when the overa!l report is clssailied)

1 ORIGINATING ACTIVITY (Corporsts author) 2e REPORT SECURITY CLASSIFICATION
General Amer:can Researdh Div., GATC Unclassifired

7449 North Natchez Avenue

25 cmour

Niles, Illinois 6068

3 REPORT TITLE

Natural Ventilation Test of an Aboveground Fallout Shelter in Chicago, Illinois

4 DESCRIPTIVE NOTES (sype of report and inclusive dates)
Interam Report

S AUTHOR(S) (Last name, Hret name, initisl)
Henuruger, Robert H.
Madson, Charles A.

6 REPORT DA TE

78 TOTAL HO OF PAGES 76 NO, OF REFS
August 1965 81 8

sa C?NYRACT omgmanT No  OCD-PS-64-201, S8 ORIGINATOR'S REPORT NUMBENS)
(SRI) B-64220(Lokoa-16)-13 1268-81

b mROJECT NO

95. OTHER REPORT N A
3 'J o O(S} (Any othor numbers #at mey be assigned

d None

10 AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11 SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Office of Civil Defense
Department of the Army - OSA
Hashington, D.C, 20310

13 ABSTOACT

The resuit. are reported on a natursl ventilation test of a corridor-type
shelter located in Chicago. The effective temperature of tnis shelter
when occupied at a density of 10 square feet per perscn will not exceed
33°F [or move than seven days during an average year. This interim report
descrives environmental tests performed in a specific shelter. The
discassion of the results is preliminary and shculd not be used as the
basis for general conclusions. A subsequent final report will include

a comparative evaluation of data from subsequent tests having a variety

of configurations and locatimns.

DD .5 1473 UNCIASEIFIED

Security Classification

N NN AN T Al -,-’ La T C A P ".r"ﬁ‘w_

e

~
P

«

A AASLRLAANA NI

;x-..au- e Ayt =




{3

o

A
@ 5,
.w’r,’,,-

i, v,
XN
AR AL

UNCLASSIFIED

Secunty Classification

KEY WORDS

CENK A LINK B LINK C

ROLE WY ROLE wT ROLE wT

TESTS

WIND
TEMPERATURE
HUMIDITY
VENTILATION

23. REPORT SECURITY CLASSIFICATION Enter the over
tll security clnsmc:tinn o( the report. Indscate whether

Data’’ 13 1ncl is to be 1n accord-
ance with &p securily regulsti

2b. GROUP- A ding is fied in DoD Dy
rectsve 200,10 and Arzrad Forces Industrial Manual. Eater
the group aumber Also .hen licable, show that
ma.r:mgs have beea used for Group 3 and Group 4 as author-
1ze

3. REPORT TITLE. Enter the complete report title in all
capital letters. Titles in all cases should be unclassifiad.
1 a meaningful title cannot be selected without classifica-
tion, show title cl f 1on 1n all inp h
1mmediataly fcllowing the title.

4. DESCRIP1!VE NOTES: If appropriste, enter the type of
teport, e.g., intenm, progress, summary, annual, or final,
Give the inciusive dates when a specafic reporting period is
covered.

5. AUTHOR(S) Enter the name(s) of suthor(s) as shown on
or 1n the report. Enter last name, first name, middle initial
If milatary, xtnw rank &nd branch of -ervice. The name of
the p 1 author 18 an absol q

6. REPORT DATE: Enter the date of the report «s day,
manth, year; or month, year. If more than one date sppears
on the report, use date of publication.

7a TOTAL NUMBER OF PAGES. The total page count
should follow normal paginstion procedures, Le., enter the
number of pages containing information

75 NUMBER OF REFERENCES Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER. If appropriate, enter
the applicable number of the contract or grant under which
the report was wrtten.

8b, &, & 84. PROJECT NUMBER. Enter the appropriate
mslitary department :dentification, such as project number,
subproject number, system numbers, task number, etc.

9a ORIGINATOR'S REPORT NUMBER(S) Enter the cffi-
ci1al report number by which the document will be identified
and controlled by the originating sctivity. This number must
be uruque to this report.

95 OTHER REPORT NUMBER(S} if the report has been
assigned any other report numbers (erther by the originator
or by the spoascr), 8180 enter tlus numoes(s).

INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address | o, AVAILABILITY/LIMITATION NOTICES. Enter any lim-
?e‘r::: :o'nn:rtor, th o ( Dep th )of De- on further of the report, other than those
ctivity or other author) 1 1 € d.
the report. mggs:g by securnity using

{1) *‘Qualified requesters may obtain copies of this
report from DDC.*’

(2) "'Foreign and di
teport by DDC is not nutborized."

(3) "“U S Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

ination of this

”

(4) ‘U S. mlitary sagencies may obtain coples of this
report directly from DDC. Other qualified users
shall request tarough

”

(5) “'All distribution of this report is controlled Quai-
1fied DDC usere shall request through

o
If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, inds-|
cate this fact snd enter the grice, if known.

11. SUPPLEMENTARY NOTES Use for additional expleas-
tory notes.

+” SPONSORING MILITARY ACTIVITY Enter the name of
the departmental project omce or laboratory ;ponsonnz (pay-
ing for) the and Include sdd:

13 ABSTRACT Enter an -bstract giving a brief and factusl
summary of the document indicative of the report, even though
1t may alsc appear elsewhere 1n the body of the technical re-
port 1f add 1 space 1s req d, s sheet
shall be attached

It 1s highly 4 ble that the of dre-
ports be unclassified Each paragraph of the abstract shall
end with an indication of the military security classification
~f the information in the paragraph, iepresented as (T5), (S),
(C), or (U)

There 1% no limitation on the length of the sbstract. How-
ever, the suggested fength 1s from 150 to 225 words.

14 KEY WORDS Key words are technically meapingful terms
or short phrases that characterize a report and may be uced as
index entries for cataloging the report  Key words must be
selected so that no secunty classification 1s required  Iden-
fiers, such as equipmert model de<ignstion, trade name, mihi-
tary project code name, geographic location, may be used as
key wotds but will be followed by an indication of technical
context. The assignmert of links, rules, and weights as
optionsl

} UNCLASCICIED
?

Security Classification

LA N SR S AL et T TN Lo Nalut \ \'\'f\_" AT



NOILVIIINGA ‘XIXATNAH
‘DINIVIIIWAL ‘ONIM ‘STSAT ‘SHIITHHS INOTTVE ‘SWAISAS ASNEIAQ TIAID

NOYLVIIINAA ‘XITQYLWAH
‘RNIVIIIWAL ‘ONIM ‘SISAY ‘SWAITEHS JNOTTVY ‘SWAISXS FSNIJRA TTAID

+SUOYIWOOT PUB SUOTFRMBIIUCD JO A3d7xeAa w Jujaey §3593

JusNbHISQNS WOIF WIED JO UOTIUNTWAS 3AT3wawdwod ¥ SpnTdUT TTIA 3J0dax
Teutg JusnbasqQns Y *SUOTSNTOUOD TBXIUIT 03 STSVQ Y3 SB pIsn aq

30U PTROUS PUR AXRUIWITOXd ST SITNSII Y3 JO UOTSSNOSIp 9yl "Ia3Taus
o71310eds © uT pIWIOIXFd §3593 TBIUSWUOITAUD $IQIIISep 3Jodax wyxdjuy
STYL *IUdA 98RIdA® UB Furanp SAYP UIASS uByl BIOW JI0F J,£Q PIIdXD j0u
TTIA uoszad xad 3953 axenbs 07 JO A3Tsuap ¥ 3¥ PITINO00 UaYM JAITIYS
STYS JO sanj3exddwsq IAIDIIId SUL  '0FedIYD UY PIJWOOY IIITAYS 4L
-~J0PJXI00 ¥ JO 1593 UOTITTIIUSA TeMIvu ¥ U0 pajzodax axe S3INSAL YL

18 *dd ¢(QITLISSVIONN) 99617 3snBny

UOSPEW ‘Y 'O PUB ISBUTUUSH 'H °*Y Ag

1g-992T 3x0day wWiIdUL

YHIST 3TUQ WIOM 00

STOUTTII_‘0owotuD

uy I3FTIYS INOTTBI U§0hm0>09< ue JO 3$9Y UOTIVYIIUA TeINIBN
STII ‘SITIN ‘OLVD ‘NOISYAIQ HOMVASTY NVOIYAWY TWANID

*SUCYT3B00T PU®R SucyIvInSIIuod Jo A39TIVA ® SuyAvy §9593

3uUanbasqns WOy BIWP JO UCTIVNTBAS DATIBIRAWOD © IPNTOUT TLIA 3X0ddX
Teuly juInbasqns y *SUOTSNTOUOD [WIIUSF JOF SYSBq oY SB pasn aq

qou prnoys puw AmuiwiTead §7 SITNSIX Y3 JO UOISSNOSYP UL  *I@Tous
o33309ds v uy powxozyad S3S93 [BIUNUOITAUD SAQYIOsap izodod wWyIIFUT
STYL  *xvak 99vI0A¥ uv SUT.Mp SARP UIADE URYZ AIOW J0J §,£Q PIIOXD 30U
T4 uosxad aad 3093 sxenbs OT Jo A37SUdp ® 3% Pajdnodo UM IITIYS
STU3 JO 9an3uxadwey FATIN0IID UL OFUDIUD UT PAIWIOY I947AYs adAy
~JOPTLIOD © JO 3893 UOTIVITIUIA TBMIVU ¥ uo PajJodax 2Iv SITNSIX YT

18 *dd “(Q4IJISSVIONA) 9961 3snBny
UOSPYH ‘Y °*O pum JaBuyuusy "H 'y Ag
T9~992T 3X0ddy WyIIUL

VRI21_33Un %a08 000
SYOUITIY 'oFeoiud

UT J93794S 3NOT16J DPUROIFGAOQY UV JO 35AL UOTIVTTIUDA TUINIBN
“TII ‘STTIN ‘OIVD ‘NOISIAIQ HOUVASTY NVOIUIAV TVHINID

NOYIVIIINGA ‘ALIGTRNH
‘INIVHEIWAL ‘ONIM ‘SISEL, ‘SHALTAHS INOTTVE ‘SWHISXS ASNAJIA TIALD

*SUOT4BD0T puv suolIvMBIJUOD JO A3OTI8A B JujAvy S3S03

quanbasSqne WOXI BIWP JO UOTIENTBAS 2ATIBIRdWOD W 2pNTOUY TTIM X0dad
TeuTl 3uUINBICANS Y *SUOYSRIIUCD YBAAUAB I0F SISRq Y3 S€ PISK 3q

J0u pYnoYs pue Axeutur{yoxd ST SITNSIX dY3 JO UOTSSNOSIP YL °*IAITIUS
03J1090s ® Uy powrojxad $3593 TBIUIWUOITAUS $IQFIOSIP 3I0dox WILIFUT
STYL *aeoh 989I9A® U Jupamp SABD UIAIS UV IX0W IOF J,£Q PIIVXI j0U
174 uosaad Jed 3993 oxsubs OT Jo A37suap ¥ 3w paydnodo udym Ia3TaYS
SIY3 JO 2anjexadwd; 9ATINAIIS AUL  *0FWOTLD UT PIIBOOT XTI adA3
=40DPFIA0OD B JO 3593 UOTFRTTIUDA [OINITU ¥ UO PaIXOASX FIT SITASIT 9YYL

1§ *dd ‘(QITAISSYIONN) 9961 3sndny
UOSPEN 'Y ‘O puv JSBUUUSH “H ‘Y Ag
1g-g927 3x0day WIIUY

YnI2T 3¥UN NIOM QOO

STOUITII ‘0Zedyun

U] 2937943 INOTIEJ PUNOAPOAOQY U JO 359 UOTISTTIUSA TwMIEN
*TIX ‘STIIN ‘OIYD ‘NOYSIAIQ HOMVESTY NVOIHIWY TVIANZD

NOTIVIIINGA ‘RLIGDANH
‘TUNIVHI WAL ‘ANIM ‘SISAL ‘SHRVITHS JNOTIVL ‘SWIISAS ASNIIAd TIAID

*SUOYT3BOOT DUV SUCTIBMBTJUOD JO A3I7IBA ¥ FuyAvy s$3593

3Juanbasqns WOXZ WIBP JO UOYSTVNTR .0 JATIRLedwOod B IpnToUT TYIM 320432
1euly jusnbasgns y “SUOYSNTIUOD [BAGUSR JOF SISVQ I SB PISTH I

30U pTNOYZ puw AIPUTWITIXd ST SITNSBI SY3 JO UOTSSNOSIP UL *IdNRTIUE
op3y09ds ® Uy pamsogxad $3593 TWIUIWUOITAUS S2qTX0s9p 3I0dad WU
SIYL  *awdL 289IoAw uw BUTINp SAVP UDADS UV IXOW X0F J,£Q PIIIXD 00U
Tra uosaad Jod 9993 oxenbs QT Jo £11SuUdp ¥ 30U POTINDI0 UBYM IBITIUS
SIY3 JO @anjeradway 9ATIV0IID UYL "OBEOTYD UT POIVIOT X33TaYUS adA3
~JIOPJXI0D B JO 3529 UOTIBTFUSA YRIM3IVU ¥ UO DPI3JI0daX 2I8 SITNSII oYL

T8 *dd ‘(aRILISSVIONN) 9961 asnany

UOSPEH °Y D Puv JI2AUyUUSH *H ‘¥ A4

T892 3X0d3Y WIII3UI

YaIZT_31UN XX0M 400

STOUYYTT

UT I93(AUS NOTTEJ PUNOITIA0QY UT JO 3SIL UOFIVTIIUIA Teanivl
*TII ‘STIIN ‘OLYD ‘NOXSIAIA HOMVISHY NVOIYIWV TVHINAD

b

S N A

ey




